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ABSTRACT 

^ Recorded in- this document are hearings before the 

Committee on Science and Technology (U.S. House of Representatives). 
The central issues addressed in the hearings were whether the need 
for long-term steadiness in technology investment is holding its own 
against short-term budget expendiencies, and in particular, whether 
the budget stress is upsetting the government-university and 
government-industry relationships which had cata^mlted this country 
into postwar technol^ogical leadership. Following rest imony by George 
A. Keyworth II (Di rector Of f ice of Science and Technology, Executive 
Office of the President) on President Reagan's science policy, 
additional ^testimony was provided by college presidents, scientists, 
and representatives of governinjEint and industry, addressing both 
general issues and those directly related to their specific areas. 
For example, impacts of budget cuts on science and technology 
programs, graduate study, and research f ac i 1 i ti es/equipment were 
among the issues addressed by the college presidents. Prepared L 
statements by witnesses and a summary report (supplementing testimony 
of <Frank Press, President, National Academy of Sciences) of a 
conference on rese'arch and development budget for 1982 and future 
years are included. (JN) 
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U.S. SCIENCE. AND TECHNOLOQY UNDER 
BUDGET STRESS 



THURSDAY; DECEMBER 10, 1981 

House of Representatives, 

COMMITFEE ON SciENCE AffD TECHNOLOGY, . 

\ Washington, D.C. 

The committee met, pursuant to call, at 9:30 ajn., in room 2318, 
Rayburn House Offic^ Building, Hon. Don Fuqua (chairman of the 
cotnmittee) presiding. 

Mr. Fuqua. The committee will^be in order.' 

I would like to welcorfte our distinguished witnesses today and. 
thank all J:hose in the audience for their support of efforts to sus> 
tain the scientific and technical vitality of this country through 
this period of budget stress. ' 

I, personally, have strong respect for the President's determina- 
tion to break the spiral of inflation. I have supported his notion 
that strong Federal budget restraint was a means to achieve this 
end I -have even understood his sense that expectations had to be 
changed suddenly and dramatically. 

However, there are crucial long-range considerations which go 
beyond the shifting politics of thi^ year's bydget deficit. This com- 
mittee's special steward&hip for the Nation's science and technol- 
ogy enterprise has taught us that there will be b^idget issues before 
the Congress in which thef long-range considerations should weigh 
as heavily as in science and technology. Preserving continuity in 
the progress of scientific knowledge and in the development of 
technology is an investment in the future. Th^s investment has 
proven over and oxer to offer payoffs beyond our wildest dreams. 

This is, of course, where the President's goals of strengthening 
this Nation's security, enhancing its productivity, and building its 
innovative capabiHt> clash with his goal of sudden change in budg- 
etary assumptions. ^ 

We must insist on a reasonable balapce among those goals. 
There will be no'^security or leadership in a technological world for 
a nation that is willing, for short-term expediency, to interrupt the 
training and careers of its most talented scientists and engineers, 
or abandon its most promising technical endfeavors. 

Today, the committee is beginning its inquiry to whether the 
administration, through budget and other action s, is striking the 
appropriate balance. We will continue this with further hearings in 
February and thrpugh the budget authorization process next year. 
We will work /closely with our Senate colleagues who share our 
concern for the vitality of science and technology. 
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^ feel corrfident that the recognition of the need to inject long- 
rafige thinking into the short-range budget number juggling will be 
recognised on a bipartisan basis. ^ . • 

We will place heavy reliance on the advice of the country's /cien- 
tific and technological leadership in this process. They know as 
well as we do that budget stress is a fact of life, and that Untem- 
pered or self-serving demands will have little crQdibilit;3^_^^J 

However, initiatives like that of Dr Press in conveningthe un- , 
precedented October National Academy meeting on science budgets 
are oT enormous value to us. The process started there will help us 
r^ealistically assess the extent of damage to the health of science 
and technology, ^nd seek ways to avoid and repair in the future. 
. The central question of our hearings is whether the need /or 
long-term steadiness in technology investmentvis holding its own 
against short-term budget expediencies. There are some who say 
that there is evidence building that indicates the answer is "No 

We have heard m^ny anguished voices claiming that current ac- 
tionb and policies afe disrupting proven national laboratories and 
interrupting promising and productive programs. 

We want -to know whether the budget stress is upsetting the very^ 
Government-university and^ Govermnent-industry relationships 
which had catapulted this country into undreamed of postwar tech- 
n4c^l leadership. * - 

Our vvitnepses today care at(out the health of science and technol- 
ogy as mucn as any in this country. I am hoping that they will be 
able to guide us as to whether our fears are justified oi^ex^gerat- 

i hope 'also that they will be able to advise us on^ysW can 
insulate the long-range integrity bi Qur scientific and'-fechntJlogical 
progress from the rapidly changing 'budget politics and theories 
which seem so often to dominate the political stage, 

Mr. Winn. i 

Mr. Winn. Thank you, Mr. Chairman. 

Mr. Chairman, I want to join you in welcoming our distinguished 
vvitnesses here today. I must confess that I don*t feel that the title 
"U.S. Science and Technology Under Budget Stress" is an entirely 
appropriate caption for this hearing. 

It implies that some sort of catastrophe has struck U.&. science 
and technology. This is simply not the case. Perhaps a more appro- 
priate title would be "U.S. Science and Technology Within a New 
Federal Philosophy." 

I fiave had an opportunity to review Dr. Keyworth^s statement 
this morning and I want to congratulate him— in advance— for it. 
It is a very thoughtful statement on the administration's philos- 
ophy 6n science and technology policy. ) 

l^iis is the iFirst time in my 15 years in Congress that I can recall 
?iny administratdorf so plainly but firmly statmg a comprehensive 
course for our Nation s science policy. Frankly, it is long overdue. 

During this long interval, an attitude/4fas prevailed that the 
more Feder^ tax dollars spent on science, the higher the quality of 
science we receive. This has not proven to be true. 

Some have felt that science research and its share of the Federal 
budget could operate in a vacuum. This, also, has proven false. 

\ 



ln^tt^ld» it Ls iius\ appauMil that .support for science and technol- 
ug\ 16 undeiiiabl\ bound tu the health of the national economy as a 
whole The comprehensive polic> that Dr. Keyworth is presenting 
toda5' reflects ihis prudent view. ^ • 

Certainlv the changes in longstanding policy being proposed by 
the administration are star-thng in their boldness. But There is no 
reason to reject them out of hand That is why I ^ concerned 
v\»ith the attitudes being displayed b> bome of m> coUe^pues in the 
House ^ • i . ^ * 

Some in the Huuse'seeni ihtent upon sponsoring a series of hear- 
ings designed to attack the boldness of the administration budget, 
initiatives This has b(een spread across almost 'all committees of 
the House. ' ' * ' V 

I trust that this meeting today will not fall into that category 
and that we smII give an impartial hearing to a new comprehensive 
approach to science policy. ^ ^ " 

Mr Chairhian, I look forward to the testimony from our distin- 
gu^stied witnesses today *and trust that they will provide us wilh 
^unu' fresh inMghts as to how a creative science poHcy can mesh 
with the new economic realities of our Nation today ^ 
, THank you, Mr Chairman ^ * 

The Cha[rman. Thank you, Mr. Winn 

[Without objection tht statements of Mr. Walgren. Mr. Brown, 
Mr Hollenbeck, and Mrs Schneider will be included in the rqcord , 
at this point ] » 

Statfmkn'i ok lioN Doia Wau;rkn 

I K>in m cuninu'injin^ \uu, Mr Chairnuiii. for taking the initiUtiNe to hold this 
iniix)rtant hearing . - ' 

Over the la>t nuu' iUu^lfl^. the Cun^rt'hs hab worked hard on the IVesident's 
budget. tritludinK the extensile than^tv^ bent up in Mj^irch ar^d ag<un in Septenibor 
Wt hau devuted uuu^h time tu the quebtiuiib o( the econom> .1nd ecoriunuc pohcv ui 
f;eneral Aiul. \\v h.ive alhO devoted manv hours to bpeciHc issuer and quebtions cuii- ' 
(.eititiiK lnd^lduaI Federal ^Jro{^rtlnl^, iiichidrnK the nian> j&cience and technolyg> 
proKfaiiib ui the different a^encie^ hich pt^forni and support research and ^'velop- 

The one thuiM v^hah has 'not, in ni> wew, received sufficient attention ib thi^ Ad- 
nunibtrationV overall polRV for science .>nd technology While we have been con- 
cerned with the bpetitlc impacts of the nian> tind varied cuts whith the Presidont 
ha> proposed, we ha^e nut suin<Jientl> analysed their cumulative effects And, whde 
wt^^have dealt With the short-term effi'cti, of the proposed t^uts, we have not exam- 
liied^tii depth their loiigUini iniplaations for the Nation's U'adt;;*ship ixjsilion m 
^^.lenjti and tethnulu^v As Chairman of the Subcommittee with oversight respoiiM- 
bditv tur tlu Office uf^Screiue and Technulogv rohtv. I am personallv concerned 
thal-Jhe Adniinihtratuni itself mav not have done a sutfuientU tiii'eful analvM^ of 
these broader issues 

Todtiv ^' discussion with *t he OSTJ' Director, the National Academ.v oi -Science 
rresaknt. tUid the lurniet OSTP and NSF" Director is exacilv the right loiuxii foi 
•^Uth All I \anunatu>M I \ubk furvvara to hearniK the views of the distinguished wit- 
Uf^s(.'> whah ch.unuari Puqua ha^ brouait"^belore us todav, tind to participate in the 
disvU-^^uiri ul the vital questions wIiRli^e drastu budget ciUs necessarilv raise lor 
ail of us m th.e CVngiess 

' .M XfhMhNI OF Hon (JFOfU.t K HrOWN.Jk 

Mi^ I'hairnjijji) I am evtremeiv pU'.ived that the Science a^id'Technolugv Cnnimit-- 
tee loii.a will e\anuiie the ^tie.vser. cau:^ed disruptive nuchaULsm^ ofahis years 
budt,et proce^r utul S Science ^jtid Technologv I congiatulate vou (oi siheJuImg 
thc^e ht-.inngs a'ld am luokin^. (nrward to ulentifving w<ivs o{ maintaining and pro 
motin^' a <untttiuuiN huJi qualitv eftott in science and technologv m this cuuntrs 
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The Reagan Admin irttrattenXw^JHisais for drastically cutting science and tech- 
nology R. & D funding, although devastating in their efiects, have forced this Com- 
mittee^ Congress, the scientific community to examine the broad role and value 
of science and technology support Although Congress has clearly not given the Ad 
ministration the total extent of cuts it sought, the effects have been dramatic, if 
'only in the threat the proposals presented. \ . ' i . ! 

In the commg several ye^ it is clear that the Administration Will continue to 
seek more «nd more cuta^Th^faprenrhing pffectg-olthifi kind oT program should be. 
and are, at the very foundation of the interests of this Committee 

The United States is sufienng economically from its schizophrenia over what the 
proper role of government is' in supporting research, development, and demonstra- 
tion The U.S. still has the strongest Dasic research base in the world, and vjWe this 
base IS threatened by the p9licies of the Reagan Administration, so too is oar>cono- 
my threatened today by our nation's competitive disadvantage resulting from insuf 
ficient support of new technologies ^ ^ ^ 

The termination or curtailment of programs to help U.S innovation and produc- 
tivity are an example of a m&}or switch in public policy, that has been made without 
public debate or consent. 1 believe that the government can be a part of the solution 
to the needs of society, although 1 certainlv do not wish to indicate blind support for 
ongoing programs I hope that no artificial boundaries between th6 research and de- 
velopment continuum, \basic research, development and demonstration) will be em 
phabized, leSt one part of the scientific and technological enterprise be cannibayzed 
to feed another I « 

1 look forwt»fd to addressing some of these issues today, and to a continuing dmlog 
with the scientific jL'omm unity on ho^v best to educate^ ourselves and the public on' 
the importance of science and technology. • i 

Tlvmk you, Mr Chairman r «. ' 



Statement of Hon Harold C. Hoijuenbeck 

Thank you, Mr Chairman 1 look forward to the testimony today of our three dis-^ 
.tinguished guests, Drs. Keyworth, Press, and Stever. As the current and former 
Presidential science advisors, these gentlemen have keen insight on the impact of 
current budget stress on the health of American science and technologjr 

As the Ranking Republican on the Space Science and Applications Subcommittee, 
I am particularly interested in how the recent additional budget cuts will affect our 
civilian space program. As you know, we recently authorized $617 billion for the 
*isc^ year 1982 NASA-budget. This budget funds the programs that are<the back 
bone of NASA, namely, development of the Space Shuttle Orbiter, Atlantis; space 
telescope, various planetary exploration programs including the Galileo orbiter and 
. probe, and the Venus Orbiting Imaging Radar mission, technology utilization and 
space applications, which have moved a number^of ^^ASA-derived spinoffs into the 
private marketplace, and aeronautical research and technology. 

If further budget reductions, are to be implemented, then we have to evaluate 
their impact on various space programs and NASA centers. Our Subcommittee has 
yet to formally hear how NASA will apply moneys from a substantially reduced 
budget, however, much speculation has been circulated. The spectulatibn is alarm 
ing and includes, closing.the Ames and Lewis Research Centers abolishing all plan- 
etary exploration programs, eliminating the manufacture of a fifth space shuttle or- 
biter, curtaihng all aerohautical research and technology programs and closing the 
Deep Space Tracking Network, .essentially turning ofT^the Voyager spacecraft 

I am sure other members of the Committee feel asv| do and hope that the impact 
will not be as severe as^suggested. I for one, simply will not support a budget that 
will totally destroy past Worthwhile efTorts and possibly jeopardize continuing note- 
, worthy achievements. I urge all members to carefully consider all implications, in 
eluding social, economical as well as political as Congress addresses the Presidents 
revised budget for fiscal 19^ and beyond. We must use caution and guard against 
irreparable harm to the United States* leadership position in Science and Technol- 

^^n^the* current budget cHmate all agencies involved in U S science and technolo^ 
policy must extensively review all proCTams Objectives and gpals must be estab- 
lishSi. By identifying priorities, we will be eliminating programs that have shown 
-questionable returns and results. Irv turn and perhaps more importantly, we will 
maximizing our limited manpower and resources to their greatest extent ^ 
Finally, Mr» Chairman, we should remember that with passage of the Economic 
Tax Recovery Act of 1981, Public Uw 97-34, business and industry were provided 




'1 i -^wil it'Np(.»nMt»iUt\ i on {\h \ni\iitv MHtor tu bt'iunu' a liMtlei in suppoit oi 
tuttht'-r >«>u»iititk* a(ivaiKVnu»iu> 

\^ a niuubet ol (ht"<'unimittet». I Adnd leaJv tu help e^t<ibli^,h budget pnunties 
\oi N \SA a.-» Wi'W all other tedei«,il a^en^-iess in\*>lsed ui kkmilv pohtv fuinuitiun 
KuiUh r I am umirnitteed vvithiii the >cupe ut reaM>iiat>le fundin^^ levels to svork to 
luaintaiH iUul tostei fKi^elltiue m US ->cii'iitihk. aiid^tVLhtiulugitvil adv aiKenieiitj, 



Fhatik \uu Mi Vhaiifiiaii I appieuate the upix>itunitv to ht'ar tudav huw the, 
Xdmin ibtration plarlb tu direi^t uui si^u'iitifk revseartli program? jthin <i limited 
budget t I belane tht Adimnistratiuirh goal— tu t'vStablKsh national priuntteb fur the 
allu(.atn.jn uf >can.e ft'hean.h duUars - ib a good one and de^erveb support It is ile<ir> 
that v¥e i.aii no longt'r allord tht haphazard detibionmaking that ha.s thaiacten/ed 
tederal spending nf the pa>t ^ 

HoweWT, a^Me^ibel^ ut the Scieni^e Coninuttee, sve'have t\so particular rebponsi- 
t>iUtieh \vt' inu^t evtTLiM' our own lesponsible judgment Loncernmg \\*liat bhould be 
our national pnuiities fur research then we niUvSt dtnernunw svhat budget leselb 
are needed to accomplish the agenda we set forth 

M\ ^oncein vMth some of the prioritiei) expre^bed thu&^iar is no bGcret 'I believe 
thaf luiKenti ating alinobt bur entire eriergy budget in tht' area of nuclear power at 
the K \[H'ii^i' ot a w idf lange ot other energ) teLluiulogieb will distort our choicer in 
ihf lutun A bataiued energv researLli program, effeLtivel> administered, would be 
a bettei mvebtmtnt lor our cnergv independence and uould ha\e fhe support 

ol tht AnieriLan peoplt We are reining in our photovolt<iics program at the same 
time the Japanese art aicerating Iheir own investment m that technology. Tht- ex- 
pertcs agree thai we are uu the edge of a breakthrough in photovo{taic research — if 
we gise up iiosv. v\t^ uiav be importing that technolog) from the Japanese in five 
v ears 

I am also coneerned with the scale \>f the cutbacks m^our civilian research pro- 
gram^, svhuh eouKi put us even further behind <jur competitors in Japan <ind West 
lU-rmanv It is important to remember that more th<m half oui rei^tarth is for mill- 
tars purposes, vvhile the Japanese and West Germans, for example, are free to coii- 
eeiitrate alyiost tdl ul their research insestnient in civilian technologies If we fall 
turther behind in our Lommitn~ienL to civilian research, we ma> begi^ to lose the 
^.ompttiti\e edge that our high t<?Lhnolog> industries have given in internation*iI 
trade «^ ^ t . ^ • 

Fuiallv, we must insure that the buclgets f^r our research programs are adequate 
tit jiupport the ta»k» we assign them If we want to base our environmental stand 
ardo on tjie best available scientific knowledge, we c<innot affor to eut in half the 
res(jarch budgets that sustain those stf^ndards 

WeVitnriot underestimate <the -se no usness of our task. Our investment m science 

an mvt^tnicnt in the future— the Jee^sions we make toda> vvj|> have a profound 
effect on the 4>hoices we have tomoi r;o\v 

Without ^object^ion, photographs and recordings will be permitted 
during the hearing. 

Our first witness fs Dr.. George Keyworth, the Director of the 
Office of Science and TechiK)logy- Policjt* Executive Office of the 
President. ^* 

We are happy to have you Itack again and would" be^ happy to 
hear vour testimony. I mighjt inform the rnemBers *that, Dr. 
Kevwortb has another dppojntment- later in t]ie morning and we' 
will have to make sure that he is through in time to make that and 
we will cooperate and get you out on time. " ' 

We are happy to hear from you. 

[The biographical 'sketch of Dr. Keyworth follows:] 

Du GF.uRGfc A KevwOrth 11, DiRECTOK, Offue ot Science and Tw hnolo<.,y Policy 

George A Ke> worth, II wai born in Boston, Massachusetts on Novertntier 'M), 11)31) 
Upon completion oi high SLhouLin the»Boston area<he entered Yale University and 
received his B S decree in phvsics in 1963, went on to pursue his Ph D m physics at 
Duke l^niversity v^hich was awarded m 19G8. 
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Dr Keyworth joiiiwl the Iajs Alainoh Scientific Laboratory scientific staff in 1968 
and devoted his efforts untii 1^74 to the development of an experimei>tal program to 
use polarized pulsed beams of neutrons and polarized targets to study detailed reso- 
nance structure in fission This work represented a m^or breakthrough in the ex 
penmental and theoretical understanding of resonance fission, in addition to provid 
ing a new technique for nuclear spectroscopy. 

In 1974, Dr Keyworth embarked upon a -path of scientific leadership at Los 
Alamos- ^.tmcerning development of cumprehensi.v:e_Juid^iimiginatix.e^.prograi^ 
weaponb physics. He recently received international recognition for his work m this 
area \ * , 

In iy7^ he became responsible for the direction of several hundred scientists and 
technicians whose research encompassed weapons ph*>sics, basic research in nuclear 
and condensed matter phvsics, astrophysics and space sciences, satellite-based verifi- 
cation of nuclear test treaties and, later, diagnostics of underground nuclear tests 
" cpnducted at the Nevada Test Site. 

In ly^O, Dr Keyworth was appointed Acting Division Leader of the Los Alamos 
Laser Fusion Division prior to its, being combined with the Physics Division, all of 
which came under his direction, m March, 1981 

While at Los Alamvs he served on numerous committees, including the LAMPF 
Long-Ri\nge Planning Committee, LANL Weapons Data Committee, NVNR Program 
Adwsory Committee, DOE Fusion Data Committee, Organizational committees for 
iniernational conferences in nuclear physics, and the University of California Selec- 
tion Committee for Director of Los Alamos National Laboratory 

Dr Keyworth is the author and co-author of some 2o Scientific papers He, holds 
membership in the American Physical Society, the American Association for the 
Advancement of Science, Signa Xi Honrary Scientific Society, and the Cosmos Club 
• of Washington 

He IS listed m American Men and Women in sciences, 12th, 13th, 14th editiops, 
and Who's Who in the South and Southwest. 

On May J 9, I'dbl, President Reagan announced his intention to nominate George 
A Keyworth, II \o be Director of the Office of Science and Technology Policy. Ex- 
ecutive Office of the President. The Director serves as Science and Technology Ad 
viser to President His appointment was confirmed by a unanimous vote of the 
Seifate onHuly 24, 1981 He was sworn into office on A'Ugust 6, 1981 

Dr Keyworth is married, has two children and resides in McLean, Virginia 

STATEMENT OF DR. GEORGE A. KEYWORTH H. DIRECTOR. 
OFFICE OF SCIENCE AND TECHNOLOGY POLICY. EXECUTIVE 
OFFICE OF THE PRESIDENT 

Dr. Keyworth. Thank you, Mr. Chairman. * ^ 

I am bo th^ pleased and honored to be here today, pleased to have 
an opportunity to discuss the -Reagan administration's science 
policy with you and honored to appear before this committee with 
two of my*distinguished predecessors. 

In its stewardship of Federal support of science and technology, 
this committee has had a significant impact on tRe course of our 
scientific development. 

And Frank Press and Guy Stever have each played an important 
" role— not only as science advisors, but throughout their careers 

As you have requested, Mr. Chairman, I would like -to present 
my comments at this time as a summary of a longer statement to 
be submitted for the record. 

Let me begin by making a point that may appear obvious. 

Science policy is not made in a vacuum. It is an exercise in prior- 
ity setting and decisionmaking that must be carried out in the con^ 
text of oth^r national policies such as those concerning national se- 
curity, international relations, energy, social services, and the econ- 
omy. 

For example, science policy, made without considering economic 
policy, is irrelevant. This is especially true in the present adminis- 
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tratiun, where the Prebideiit'b economic recovery program is re:; 
• versing many policies of longstanding. 

This cgtintry has been pda^ued for ^earb by an unacceptable level 
of inflation, high interest rates and a runaway/ Federal budget. 

Complex and often unnecessary regulations, as well as inad- 
equate incentives to encourage investment apd growth in the pri- 
vate sector, h'ave reduced' our productivity and international com- 
petitiveness. 

All of these problems are interrelated, of course, and can be over- 
come only by a- Coordinated effort involving tax policy, regulatory 
policy, fiscal policy and other measures. 

^ Within the context of today's national interests -and economic 
policies, what should be t.he roje of the Federal Government tn sci- 
ence and technology? * ' 

What^ should be fhe framework and guiding philosophy of our na 
tional science and'&chnology policy? 

Certainly, a science policy for the 1980 s cannot be and should 
nut be Q^ne bitsed simply *on growth for growth's sake. Even in a 
period of affluunce and* sustained economic growth, throwing 
money, at problemt? has not proved to be an effective strategy. - . X 

In fact, it has often been responsible for furthering mediocrity A 
'cather than stimulating excellence. But, particularly© in these / 
times, we nnk>t sharpen ouf focus and niake a Concerted efforfto 
allocate our^ resourgeu in ways 'that support the most' suf^erio?:, 
promising and re^evant efforts. 

I am proposing a Federal role in R. & D. which is i^ippropriate to 
the 1980 s— appropriate to a national mood which calls for in- i 
creased vigor. ^nd acceptance of responsibility by individuals and 
' orgtjnizations in the private sector an5 decreased involvement by 
the Federal Government in many of our affairs. This is "the direc- 
tioh in which we^are. moving. 

.the Reagan administration places great value on oux country's 
scientific and technological strength. Supporting science is a neces- 
sity for all great nations, and cei^ainly^for the United States. 
. Success in achieving virtually all of our national goals for the 
1980's— more vigorous economic growth, enhanced national secu- 
rity, a stronger competitive position in world mark^, better 
health and quality of life for all our people-^will depend irt large 
ptirt un kfiowledge^ind technological developments whicH can come 
only from scientific research. ^ 

We must realiz!^ tl^at^science and particularly basic research is a 
critical factor .in detenmining our ability and readiness to meet the 
problems of the unfoi*feseeable futurje. ^ . 

I am jirmly convinced that the condition of U.S. science ia gener- 
ally healthy. "Khaf health is reflected in the excellent and exciting 
research taking place .in many diverse fields, such as high, energy 
physics, agricultural "Sciences, astronomy, geophysics, fusion, laser 
chemistry, bion\edical research and engineering, coimnunicatipn 
optics, and mict^oelectronics. 

Ifiythese aod^a broad range of other fields, U.S. science is regard- ^ 
\ed asVqiial to or more advajnced than any in the world. 

In my statement for the record I have indicated a number of 
facts to substantiate -this, but I will point to the Incontrovertible 
evideijC^ of the awarding of Nobel Prize^. 
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In the last 10 >earb» American scientists have won or shared nine 
prizes in Qbemistry compared tOxsix for all other countries. 

In physics, it is 19 U.S. awards to 9 foreign. In physiology or 
medicine, there were 20 U.S. awards tq 8 for foreign scientists; and 
in economics the count was 9 -to 5 in favor of the United States. 

The t€)tal for the past decade; 57 Nobel Prizes for U.S. scientists 
compared to 28. abroad, more than double the number for scientists 
from other countries combined! 

First, let me emphasize again that this administration Views 
basic research as a vital investment with a good* return and be- 
lieves that, as §1 contribution to overall national security and eco- 
nomic strength, we must maintain health across the s|)ectrum of 
science, striving for excellence and eminence in all these fields. 

However, as I have stated before, there are a number of good 
reasons why we cannot expect to be preeminent in all scientific 
fields, nor is it necessarily desirable. The idea that we can't be first 
across the spectrum of science and technology is not simply a func- 
tion of our currrent economic situation. 

Rather, it is a tecognitipn of changes that have taken place since 
World War H and the realities of today's competitive world. • \ 

This recognition leads-to the condusion that, in science and tech- 
nology, as in all endeavors, available resources must be identified, 
comparative advantages assessed, tough choices mad©, and prior- 
ities established, before resources are allocated. 

Perennial issues for policymakers — ii^^^luding science policy- 
makers—are how big the budget pie should be and how it should 
be divided. . ' ^ 

I am convinced that if we are to make the most productive use of 
our S9ientific resources, we must ask about the best apportionment 
of research support between the public and private sectors and also 
about the apportionment among scientific fields and activities. 

My perception is that the Federal Government has not always 
done as good a job as it could and should in making these decisions. 

Difficult decisions haye been postponed based on the assumption 
of future growthjn th^' size of the Federal R. & D. budget. 

'We must now face up to the difficult choices because we know 
Federal expenditures for science cannot and will not continue to 
grow in the way they liave in the previous three decades. 

I believe the discipline of making such hard choices will ulti- 
mately benefit science, just as the occasional pruning of a tree can* 
promote, rather than retard, its health* 

While this is not a popular notion, budget stringencies force us to 
think more deeply about how and why we make choices and wheth- 
er we are in fact using our resources to best advantage. 

I recently commented to a fellow scientist who also had been en- 
gulfed in the management of science that my own experience l^ads 
me to believe that the best overall quality of research may not 
occur in times of accelerating support out in thnes of nloderate re- 
straint that force qualitative decisions. 

After a moment s thought, he reluctantly concurred pointii)g but 
that an environment of accelerating support is, however, miich 
more fun. ' , ^ > I 

Reductions in support of a research area do not necessarily lead 
to a proportional reduction in research output; by exercising dis- 
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Lrinunation within a dibcij^hne, the best and most productive re- 
search can continue to be supported. ^ ' \ 

With this approach, the serendipitous nature of scientific discov- 
er\ is not denied. A selective emphasis and deemphasis, taking into 
account past productivity, present vitality, and future promise, is 
simply good management of public funds. ^ 

Besides exercising discrimination in the support of research 
areas, we must also insure that our research activities are properly 
capitalized Even if it means reducing the number of participants 
in some areas, we cannot continue' to assume that equipment and 
facilit) needs can be deferred to a better, future budget climate. 

The scientific and technological community must learn to partici- 
pate in this assessment by playing a more forceful and critical role. 
Through advisory groups, peer review, testimony before the Con- 
gress, and other .mechanisms, scientists and engineers must exer- 
cise the same discrimination that is required in the daily execution 
of their research. ' 

To those wjio may still hope for constantly growing budgets 
across the board, let me say this — that time has passed and we 
iif ed the scientific community's best and most thoughtful judgment 
and advice to maintain the health of our science and technology 
base. 

To those who object to such undertakings, and to all my scientific 
colleagues, I must say that if scientists do not make such choices, 
others will, but with less acuity. ' . " - 

M> views oh how we should approach the task of selecting high- 
quality science ha\e not been a secret. Th^ey can be summarized in. 
Qne word— discrimination. By this I mean application of specific 
criteria to discriminatiftg between scientific areas that are most 
promising and those that are less promising through the criterion 
of excellence and pertinence. 

Excellence should be the basis hy which one judges the quality of 
science — the excellence of investigators, the excellence of the field. 

In scientific endeavor^ we should, above all, advocate an un- 
abashed meritocracy. 

We must be sure that there is an open door for all to achieve the 
merit and excellence needed for the best science, and then support 
the individuals, groups, and institutions who succeed in walking 
through that door. ^ ^ 

For applied research where we have a specific olDjective in mind, 
a second criterion must be added, that of pertinence. 

While hoth these criteria involve value judgments and thus the 
possibility of error, the criteria can be reliably applied at their ex- 
tremes, thus leading us to emphasize the most promising avenues 
and to deemphasize those judged to be less prohiising. 

Both excellence and pertinency imply attention to results. What 
gives us the most return for the dollars spent. 

There have been moments since I canje to Washington when I 
wVjrried about the tendency to get caught up in percents of budgets 
and percent increases in budgets while forgetting that we are inter- 
ested in results— -past, present, and future. 

These principles relate to support of science by anyone — public 
or private. Government -o^industry, individual or institution. 
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While thib ptiiRiple inav not sound new to many of you, I think 
\ou will fmd it more stringent]} adher4:»d to bv this admmistration^ 
than has been true in the past. 

Let me now turn to some specific issues that are of concern to 
this administration and to the Congress. 

Mr Chairman, in the statement I am^submitting for the record 
\ou will find ^ discussion of issues I consider important such as 
those involving defense, science and engineering education, inter- 
national cooperation in science, facilities and instrumentation and 
new institutional demands, including those related to the role of 
^our Federal laboratories. 

These are significant science policy issues we h&\e been' con- 
cerned with and deserving of your consideration. 

Mr Chairman, I have tried to lay out for this comipittee the phi- 
losophy guiding the admfnistration's science policy/ 

I would like to emphasize that we perceive R. & D. as a means to 
achieve necessarv national objectives. For that reason, I have 
talked at length toda> about the administration's efforts to stimu- 
late a strong econom> and to provide appropriate incentives for pri- 
vate sector expansion. 

I also stress the need for discrimination in scienc€f and the rote of 
the scientific cumrmunity in the formation of sdieoce policy. I be- 
lieve it is(Vitall> important for the community to take a realistic 
view of the current economic situation and to recognize that the 
growth that science and technology have enjoyed for S£> many years 
cannot continue. 

This is certainly no tragedy and is not likely to do harm to the 
current health of American citizens, but the community must 
acciept its> responsibility for considering priorities- within a con- 
"strainednSudget "and must ^e' willing to identify areas for both in- 
creased as well as decreased support. 

While this may not be a pleasant process it is hardly unusual. 
We do it as individuals and we do it as a Nation. If the scientific 
community can accept those ground rules, it will be in a strong po- 
sition to share with the Federal Government the responsibility for 
allocation of recourses. 

Finally, I certainly must acknowledge the key lole of the Con- 
gress as a partner in this policy enterprise. This committee in par- 
ticular has demonstrated thoughtfulness and leadership over many 
years as the Nation s science and technology needs and objectives 
have changed. 

I look forward to continued productive cooperation with you 
during these important times. 

Mi Chairman, I would be happy to respond to questions at this 
time. . . 

[The prepared statement of Dr. Keyworth follows:] 
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STATEMENT OF OR. GEORGE A. KEYWORTH. II 
DIRECTOR, OFFICE OF SCIENCE *N0 TECHNOLOGY POLICY 
EXECUTIVE OFFICE OF THE Pf^ESIOENT 

BEFORE THE 
COKMITTEE*ON SCIENCE AND TECHNOLOGY 
U.S. ijOUSE OF REPRESENTATIVES 

* 

December 10, 1981 

I an botn pledsed an<J honored to be here today. Pleased to have 4" 
opportunity to discuss the Reagan Administration's science policy with you, 
ana honored to appear before this ^Connittee with three of ny distinguished 
predecessors . 

In Its stewardship of Federal support of science and technology, this 
Connittee has hapd a significant irpact on t*ie course of our scientific 
developnent. And Frank Press, Guy Stever, and Ed David h^J^lch played 
important roles not only as science adviSQrs, but throughout thei> 
careers. ' » 

ECONOMIC CON-TEXT . „ L 

Let ne begin by naking a point that pay appear obvious — science 
policy is not nade m a vacuum. It is an exercise in priority-setting 
and decision-making that nxist be carried out in the context of other 
national policies such as those concerning national secunty,^ international 
relations, energy, social services, and the econony. For example, science^ 
policy, nade- .without considering economic policy, is irrelevant. 
This is especially true in the present Adwnistration, wher^ the President's 
econonic recovery program is reversing na/iy policies of lorjg standing. 
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This couotry has Seen piasuea for y«ars by an unacceptable level of . 
infUt.an. f„gn interest rates ana a runaway Feaeral buaget. Conplex 
anfl often unnecessary regulations, as well as inadequate incentives to 
efKOurage inv^stnent ana groxtti in the private sector. Iuve reaucea our 
proaucuvity ana international co.-Tipenti veness. All of these 'prot>l ems are 
mte-relatea. of course, and can Pe ove'rcone only by a coorainated effort. 

o 

Thougn reducing Federal spending has received the most, attenti on. 
ot-^er aspects of the President's econonic recovery prooran have import Jt 
mpl icaticjns for science and technology. ] \ 

"In tax policy, n has been est^nated that incentives under the 
Economic Recovery Tax Ac^ and 'other Administration actions will stimulate 
an addUion_aI $'3 biljion m corporate RiO spending over the next five 
yedrs». Most 0^ this is expected to go for applied research and 

developr^ent. 
✓ 

-Ir regulatory policy, unnecessary barriers to innovation are being 
renoved. As the burden of government regulations is reduced. ' 
corporatio ns will not find it necessary to conduct broad "defen sive 
"lined at regulatory conpl i ance-^and will be able to use these funds for 
RiOPe productive chan;ie1s 'of research. 

"In fiscal policy. Federal RiO has been strongly influenced \ 

by the stringencies of our current economic conditions. There are 

priorities and limits, and RSD-for all Us recognised worth-must 

"contend and conpete. Considering the nagmtude of the overall 

budaet cuts, nowever, i believe that most R^O. especially the „ 

research area, has fared quite well. 
T 
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however, we cannot realistically expect to%accelerate spending for RfiD 
in a penoc of fiscal austerity* Support of science and technolbqy-- 
especially basic research— is a long-tenn Investment that represents an 
essenti al' element m the foundation of a healthy econony. To finance 
inves;-«nts m science, both taxpayers and corporate. executives must feel 
Sufficiently secure econonicaUy to invest in the future. We need a strong 
ecc^ony that encourages risk-taking and can afford appropriate funding 
of science by both governr^nt and the private sector. By helping the ^ 
Pres'. Jen*t acmeve nis'econonic goals, we best address the cause of science 
an« technologiy. 

Witnm the context of today's national interests and econonic policies, 
what Should be the role of the Federal Governnent in science and technology? 
What shoild De the franework and guiding philosophy of our national science 
and technology pol-icy' 

I believe that today's Federal role in science and technology must be 
tt different fron that which has prevailed since World War II. What's more, 
I believe that a changing world as well as changing national goals call 
for changes in science policy. Certainly, a science policy for the 1980's 

cannot {>e and shouU not be one based sinply'on growth for growth's sake. 

I 

Even in a penod of |affluence and sustained ecohonic growth. throwKig 

rioney at proolens has not proven to be an effective strategy. In fact. 

It has cfften been reponsible for furthering mediocrity rather than stimulating 



exceMenc*. But, par 
and nake a concerted 



icularly in these times, we must sharpen our focus 
effort to allocate our resources in ways that support 
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the «iost superior. prOQi.sing and relevant efforts. I am proposrng 
a Feoera] role ^n RiO which is >ippropr I'-ate 'to the 1980s— ipproprijte 
to a national nood which cal^ls for increased vigor and acceptance 
of responsibility t>y individuals and organizations in the private 
seaor and decreased involvement by the Federal governnent in 
many of our affairs. This is the direction in which we are noving, 
artd I will touch on It In nore detail later in oy statement/ 



SCI£NCH CONTEXT 

The Reagan Administration places great value on our country's scientific 
and technological strength. Supporting science is a necessity for all 
great nations, and certainly for the United States, Success in achieving 
virtually all of our national goals for the 1980's— more vigorous economic 
growth, enhanced nat^ional security, a stronger competitive position in 
world markets, better health and (Quality of lif^ for all our people—will 
depend In large part on knowledge and technological developments which ca. ^ 
come only from scientific research. » , 

Science is a critical factor in determi ning^our ability and readiness 
to meet the problems of the unforeseeable -future. No on^ can tell at this 
time what all the problems of our society will be. But we tan be sure that ' ^ 
many of them will be inextricably tied to science, and that our future 
problem-solving capability will depend on the depth and bi^eadth of our scientific 
knowledge, particularly upon the typfe of breakthrough that'comes from, 
ttasic researcti. ♦ 
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k an fimly cpnvmcec thaCxyje condition of U.S. science ts generilly 
he^]t^,y. That health is reflected in the excellent and excm'ng 
research tdkTng pface \r\ many dij/erse fields, such as high energiy 
physics, a^gncultural sciences, astronony^ geophysics, fu^ionij* ^. 
.laser chemistry, bioriedical research and engineering, corntn^ nidation 
optics, and mcroelectronics. In these and a broad range of other • 
fielGS, U.S. science is regarded as equal to or nore advanced 
tharv ary in the world. Consider the following; 

--The United States spends more money on research and development * 

t?fian any other country in the world and tias nore scientists and 

engineers engaged in tho^^^/acrivities than any other free world 

natton. . ^ • * ^ 

I 

--The ratio of research and development to gross national product in 
the Unitetf States ponpares favoraDly to 'that of other major 
industrialized Gauntries, [in 1978, for example, that ratio in the- " 
United Stat es^wiS- 2.23 percent co^ared to 1.93 percent for Japan 
and 2.37 percent foR West Germany. The ratio m the United States 
IS rising* and we expect will have reached /.37 percent in ^1981. 

— The United States renains strongly conpetitive in the area of R£D 

intensive products. They are an increasing proportion of U.S. exports 
I 

dhd contribute positively to the U.S. international tradfi balance. The 
trade Surplus which, the U.S. has enjoyed in RAO-intensive products has 
grown from S6.7 billion in 1962 to S39.3 biHioh in 197^. Scientifjc 
resedrcfi has contributed heavily to the development of such products. 
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« —The awdrd of NoDel Prizes provides another measure of the health ol^.S. 
science. In the last 10 years» Anencan scientists ha^e won or shared 
9 prizes m chenistry conpared to 6 for aU'Other countries. In physics. 
It IS 19 J.S, awards to 9 foreign. In physiology or nedume, t^jere were 
20 U.S. awards to. 8 for foreign^scientists; and in- econoni cs the count 
Wis 9 to 5 in fivor of the U.S. The total for the past decade* 57 NoDel 
Prizes for U.S. scientists conpared to 28 abroad) more than double the 
nunber for scientists fron all other countries conbined. 

Furtner»*we expect th^ base of support for science to broa<ten. Industry 
IS already a key perforner of scientific research. It accounts for nearly 
half of the total U.S. RiO expenditures and is the trx)St dynamic elenent 
in our overall RiO effort with almost a ooubling of industrially supported 
RiD oyer the p^st five years. A new 25 percent tax credit on incremental 
R£0 exoencii tures by industry is expected to encourage the trend toward 
even greater industrial expenditures in RAO. 

Notwithstanding tlje general health of U.S. science, sone real concerns 
must be addressed. All of u-s here are unconfortably f ami 1 lar Wi th th,en» 
so I win Simply cite briefly severa\ of the more pressing ones: 

--Researc^> related to p*ny areas of national defense nust be enhanced 
if we are to ensure our nihtary strength and readiness. 

--The declining st^te of elementary and secondary education in mathematics 

. ** » 

and science is precluding careers in science and engineering for many 

good students'* threatening the future supply of people needed for 

these discipl ines. < # * !i 
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— The increasing sopmstication and cost of mstrufnentan on has placed 
our universities in a cruica. position both m teaching and conducting 
research. 

--Changing population age distributions affecting both university 
stucents and faculty endanger a principal mecnanism that universities 
have for maintainirig their health as perforners of research, the constant 
infusion of bngnt, young talent with fresh ideas and perspectives. 

I Will return to these'issues later. First, let me emphasize again 

•tnat this Adninistration views basic research as a vital investment with 

-J 

<j good return and tjelieves that,, as a contribution. to overall national 
iecunt/ and econonic strength, we nust maintain health across the • 
Spectrum of science, striving for excellence m all these fields. 

However, as I have stated before, there are a number of good reasons 
why we cannot expect to tse preeminent in all scientific fields, nor is it 
necessarily desirable. The idea that we can't be first across the 
s*pectrun Of science and technology is not simply a function of our current 
econonic situation. The fa&t is that imniediately after World war 11 
tM-i country was alone in developing and pursuing technology. Since 
tnen the rest of the world has been catching up--wuh much help from us. 
Japan and western Europe have achieved technological conpeti^iveness. if ^ * 
not parity. This is healthy for the world and for its stability. We 
should loon on this as a ciajor success of our social values and recognize 
that econonically strong and conpetUive democracies in Japan and Western 
Europe favor our national interests. However, it follows that, because 
of the 'd! versity inherent in industrial democracies, there are certain 

- \ 
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a^-eas of sciefice and tecrrn^ylogy that are more pertinent to other countries 
tnan to as. It is m t^ese areas that others #i1l Attempt to be world 
leaders. 'But, there ire 3i*edS where th^ U.S. is a leader and mu!t 
nefflam- so. This realuation does not represent either a defeatist , . 
^attitjde nor a lac>i of confidence in American scientists'and Engineers. 
Rather, it is a recognition of the realities of to'day's conpetittve world. 
This recognition leaos to the conclusion that, in science ^d technology, ^ 
in all endeavors, available resSurces must be identified, comparative * 
advantages assessed, tough choi ces made , and priorities establ is^ied, 
before resources are allocated- 



ReSOURCe ALLOCATION IN SCIENCE , ' ^ 

Perennial issues for policynakers--including science policymakers-- 
are how big the Dudget pie should be and how it should be divided. 

I am convinced that if we are to triaite the most productive use of 
our scientific resources* we must ask about the best aooortlonnent of 
research support between the public and private sectors and* al so about 
the apportionment among scieptific fields and activities. My perception 
IS that tfte Federal Government has not always done as good a job as it ' 
could and should in making these decisions. Difficult decisions have 
been postponed based on tne assumption of future growth in the size of 
the Federal R&D budget We must now face up to the diffltuU choices 
because we know Federal expenditures for science cannot and will not 
continue lo grgw In the way £hey have in tht previous three decades. 
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In this time of econojnic restraint we need to mafce tough decisions 
--tougher than^were necessary during eras of rapid growth. There is an* 
*. inevitabl< tendency when budgets are increasing to add resources to the 
best researcn areas, but not to take money away from less producti>4e 
research areas, even If thiy have passed the da^s of their most important 
^nd exciting work. We can no longer afford that luxury. Similarty, in 
tight budget times, there is a tendency to avoid tough decisions by 
applying cuts uniformly across all fields. We- can no longer allow 
ourselves tms easy way out of hard choices. ^ 

I believe the discipline of making such Hard choices will ultimately 
benefit science, just as the occasional pruning of a tree can promote* 
rather than retard, its health. While this is not a popular notion, budget' 
stringencies force us to think more deeply about how and why we makfe choices 
and whether we are in fact using our rtsources to best adva^ntage. I recently 
cccsnented to a fellow scientist who also had been engulfed in the management 
of science that my own experience leads me to believe that the best overall 
quality of research may not occur in times of accelerating support but in 
tines of moderate restraint that force qualitative decisions. After a 
monent's thought, he reluctantly cdhcurred pojnting out that an environment 
of accelerating support is, however, much more fun. * 

Reductions in support of a research area do not necessarily lead to a 
proportional reluction in research output; by exercising discrimination 
within a discipline, the best and most productive research can continue 
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to be supported. WUh this apprOiCh» the serencjtpuous nature of scientific 
discovery is not <Jeni6d. A selective emphasis and deenpnasis, taking into 
account past proGuctivit>, present vitality^ and future promise, is sitn/fy 
5O0d managenent of public funds, 'Seside^ exercising discrimnation in 
th* support of research areas, we must also ensure that our research' ' 
activities are properly capitalized. Even if u means' reduong the nunber 
of participants in sone are^s, we cannot continue to^ assune that 
eq;jipnept and facility needs can be deferred to \ better, future budget, 
cM^te. • 

• The scientific and technological cormunity nust learn to participate 

'* " 

in thi.s assessnent Oy playing a nore forceful ind critical role. Through 
advi'sory groupi, peer review, testmony before the Cqngress, and* other 
nechamsns, sQientists and engineers pust exercise the sane.discnnlnation' 
that t^equired in the daily execution of their research, I do not believe 
that there ire inherent scientific difficulties for experts in a given 
discipline to identif^^ ^reas to deemphasize as well as those meriting 
new enpnasis. Rather, the real difficulties arise from the psychological 
and sociological aspects oi' the issue. It is necessarily more ^ 
difficult when the assessment spans several fields an^d parochial ism 
inevitably interferes,. Yet, I believe judgmental decisions can ~ 
be made more effectively ^han we have in the 'past. 

• To those who nay still hope for constantly growing budgets ^'cross the 
board, let ne say this - that time has passed and we need the scientific 
comunity's best and nost thoughtful judgment and advice to maintain the 
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health of our science and technology Oase. To those who object to such 
undertakings, and to all ny scientific colleagues,, I must say that if 
scientists (Jo not make such choices, others will, but ynth .less acuity. 

PRINCIPUES FOR ALLOCATION ^ SCIENCE ' ^ , ► ' 

«y views on how wc'shoul^ approacn the task of* 5e.iectfjigl5f,i^h ^(juality 
science have not been a secret. They can be sumarized in one word— 
discrimination. By this I nean application of specific: criteria to 
dncnninating between' scientific areas that are tnost proni sing "and 
those that are less promsing. The first criterion oust be excellence. 
Excellence should be the basis by which one judges the quality of science ^ 
--the excellence of investigators, the excellence of the field. In 
scientific ende^vo/s we should, above all, advocate' an unabashed meritocracy. 
We must be sure that there is an open door for all to achieve the neru 
^aftd excellence needed for the best science, and the^^^^Aj^port the individuals, 
groups, and institutions who succeed in walking through that door. 



* > 



^ For applied research where we have a specific objective in mnd, 
a second criterion must be added, that of pertinence. While both these 
enter va involve value judgnents and thus the poss.ibility of er/or, 
the criteria can be reliably applied at their extremes, thus leading . 
us to errphasize the nost pronising avenues and to deemphasize those judged 

i' • . 

to be less proni^ing. \ 

Both excellence and ptrtinehce imply attention to results: What gives 
us the nost return for the dollars spent? There have been nonents since 
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^^3^-*' ^I'c^c* to Washington wnen I worried ibout the tendency to get cauyht 

up in percents of budgets and percent increases in^budgets while forgetting 
^hat we a,re interested > tn results — past, present and future. 



These principles relate to support, of science by anyone— public 
private, government or industry, individual or Institution. From the 
perspective of ny Office, and of the Congress, we must also discuss 
principles for the division of public and private sector roles and 
relationships. ^ 

Many of ^e principles for publ ic /Versus private sector roles are not 

new. In general, the private sector will not support an adequate level 

♦ 

of research because of the inability of a fira to capture nany of the 
benefits, and because of uncertainly', risk, and the need for large-scale, 
long-tern investments. Private institutions also skew their investments 
away frcf» basjc or long-tera research toward appl led «nd short -term 
research and developinent , esp'ecially in a business environment 
characterized by a perception of capricious regufation and continuing 
high inflation rates. « 

Arguments for a government role in civilian R40 apply most strongly 

^to basic research. While sone basic research is supported by the private sector, 

♦ 

the results of basic research do not generally show up diredtly as new products 
or producti<Jn processes, but as information and knowledge that are easily and 

widely available to everyone. Thus, there is less incentive for fl^rns to support 

♦ , ^, 

\ ' ' ' 
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basic research. Basic' research warrants governnent support because 
it \s. an investr^ent in the future — in a better quality of liffi, better security, 
a^ better economy and smpl^ better understanding. In addition to its general 
societal benefit, basic research is essential to the conduct of laany activities, 
such as defense and space, for which the Federal Government has responsibility. 
It should thus be a component part of the research budgets of, all government 
agencies whose (nissions depend upon a strong scientific and technological 
base. i 



While basic research should beVsupported by the private sect6r 
wherever possible, governnent has a key, necessary role in assuring that 
the support of funaamental research fs adequate. 'Decisions become nore 
complex, however, as we tr>f to decide on what constitutes an adequate level 
of support. 

i 

Before decilling that Federal support of any area is appropriate, we 
want to ensure that the value^of the benefits we expect thfc nation to derive 
justify the cost to the ^edeiral taxpayers. These are not easy judgments to nake. 
Because of this difficulty inaV»y have proposed tying support for basic research 
to some o^her factor such as GNP,'or assuring that there is some specified percent 
growth each year. I do not believe such an approach is wise, because it does 
not relate to the quality of the basic research itself. While decision-making 
may not be easy, we should not derogate from our responsibility by adopting 
.rules of thumb that tie the support of ba^ic research to some rigid external 
factor. ' ^ ^ , 
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With the diffuuUies of naming slich ju'dgnents in roind. Jet me suggest 

son* gufdfelines. First, because of the nature of basic research and 

the inherent uncertainty of U5 appliwtion, wide-ranging support 

across fields and subfields of science should be maintained, thus 

providing the country with a capability to take advantage of important 

breakthroughs' quickly and to respond t^ changing needs. 

\ • 

Second, research supported by raissiqii agencies should generally encospass 
both basic and applied research in disciplines appropriate to the execution 
of the nission. 

Thfrrd, government support of basic research, to the extent such research 
is carried out in educational institutions, influences our ability to meet 
our future scientific and technological nanpower requirements. Thus manpower 
requtrenertts an'd resear.ch support policy irt interdependent and should be 
coordjnated. Increasing participation by the private sector in this process, 
stitnulated by tax incentives for academic research support, will ^strengthen 
this link. ' 

Finally, there is less justification for a Federal Government, role 
in applied research and development, except in areas of dominant Federal 
responsibility such^as defense, ^pace, or particular aspects of the regulated 
nuclear industry.* There are alsVareas of shared responsibility such as health, 
education,^ and agriculture, where the broad societal benefits justify some Federal 
involvement. The case for government support of development, ts weak, except 
for areas where governnent is the sole or dominant buyer. 

0* » 
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We should not Subsidize technological developnent and demonstration that 
"ts within the capability or responsibility of the private sector to 
Support. While this principle nay not sound new to niny of you, I think 

0 

you will find it wore stringently adhered to by this Administration thart 
hiS been true in the past. « 

Let me now turn to soce specific issues that are of concern to this 
Adaini strati on and to the Congress--defense, science and engineering 
education, innovation, interriational cooperation in science, facilities 
and instrumentation, and inst^itutions of science. 

SPECIFIC ISSUES 

Defense , 

We have made it clear in earlier statements that the Adnin^ strati on 
considers tyw areas— industrial rejuvenation and national defense— to be 
critically dependent on near-tem advances in science and technology. 
Those priorities are evident in our economic policies and in our R20 budget 
' proposals. We expect industrial progress to be fueled primarily by the nore 
favorable econonic cliniate for investment provided in The Economic Recovery 
Tax Act, and we plan to ensure our defense needs by direct govemnent 
R£0 funding. Specifically, we have proposed to increase FY 82 Department of 
Defense R£D by 21 percent over 1981., Within that funding, we also plan 
an increase of 15 percent in basic research funding within OoD. 

I wish to make It-clear, however, that these are long overdue increases 
and they represent a carefully considered evaluation-of R4D needs and 
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opoort.Mties ,n aefense ,r,n. In r^cent years we h.vi deferred «tent,on . 
to a nurwr of pressing aefensi' nee«-both technological and operatlonal- 
4no ,e ™st now sone substantul comunents to support restornion 
0' of an aoeouate defense m base.^ 8ut precisely because defense needs 
are so broad. ,e sti-Jl face hard ehoices'in what needs we can reasonably 
Beet. 

Basically, we look to science and techno^logy to provide us with , 
tecnnolo9ica'l superiority in defense. As a free nation, we cannot natch^ 
sur potential adversaries in terms of manpower or deploynent of' materiel.' 
.Our abUity^ to develop a "stealth- technology to protect aircraft is an 
example of a' way to substitute superior technology for sheer nunbers. 
To Pursue this objective we ™st support prograns and institution* 
tliat seek, nurture, and capuali2e on the kind of new knowledge that 
supports developnent -of new technologies. We will continue to evaluate 
our overall science and technology progran -both civilian and ni 1 itary-to 
<M>;e sure that the flow of both knowledge and personnel_is adequate to 
feet future defense needs. 

Science and Enqintering Education ° 

Certainly one of the critical parts of the science and technology 
•infrastructure is the nation's education systen,. We are. today, experiencing 
shortages of qualified personnel in several specific areas-notably computer 
science and some -fields of engineenng-and are told that these shortages may 
extend to additional technical fields in coming years. These shortages' result 
primarily from the,good health and vitality of some very productive industries, 
which are growing rapidly. Unfortunately, the accompanying high demand for 
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for the best young talent is having a oeletenous effect on our nation's 
universities. Not only are the universities finding it increasingly difficult 
to recruit and retain faculty, but they also find it increasingly difficult to 
attract graduate students, becauie, industry is quite willing to>hire Blx)r 
JJS engineers and computer scientists at high Sal^ri'es^ * 



But, although this situation has serious national implications. U is 
pnnarvly one of a marketplace working as it should, and does not require a 
tnassive federal response. In fact, in the very few years rha^ this situation 
has been developing, we have seen substantial private sector concern and 
response. 'Industry knows all too welfthat it is critically dependent 
on a healthy university system, both for new knowledge and new talent. 
Leaders in engineering fields and ^igh-technology industries are actively 
seeking new tr^chanisns-ranging from increased private sector financial support 
of education to stimulation of new resources fron State governments. As I 
pointed out in ny statetr^nt to ^is Comittee on October 7. this is a problem 
- that tnust. and can be worked out by those who supp^ scientific and engineering 
manpower and those who utilize it. If there are questions of the quality 
and future availability of technical manpower - and there are such questions 

it clearly Is in the best interests of ttie "consumer" to take the 
necessary actions, to ensure that its needs ar« net. And in this case. 
*^'the needs of industry, the demand on the academic conununity to neet those 
needs in a way that pronotes continued academe excellence, and the needs 
of the Nation for techi^ological growth are generally coogruent. 
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jn^jerlytng -tuf^nt proolems with the quantity and quality df trained 
scenti^TC ano engineering manpower is the we«kne^ overall^ in ouf country's 
ele'^efltary and secondary school ^ preparation in fflathe^natics and science. Since 
IS'O there has &een a nationwide trend toward reduction of high school graduation 
re<;uTr«nents in mathematTcs and science. In response, colleges have reduced 
•thetr jnath and science^requirenents for admission. By the age of 15 or ^16, 
^flost students have naae a decision that effect! v^ely cuts them off fr^on future 
careers in science and engineering— which just happen to represent the fastest 
growing career opportunities. 

Contrast this practice with that of other indMStrialized countries,*^ 
In Japan nearly all col 1 ege-bound ^students take three science and four math 
courses during high school. West Germany Is similar, and emphasis in the 
Soviet Union upon science and technoJ^pgyHn j^lementary and secondary 
schools Ts even greater. 
• ( 

While I don't necessarily endorse the philosophies that gutde those 
other systems, I am impressed with their pragmatic coimitments to science " 
education. And it seems obviou^ to me that this is an area in which our 
systen is deficient. The causes are not at all clear. 8ut,^'l suspect 
that the most important determining factor is* the public attitude toward 
education and toward science'and technology. 

Despite the AcJninistration's real concerns in this area, improvement 
In this unfortunate situation is the responsibility of the schools 
themselves and of the communities that ruft them. It is up to the^^state 
and local governments to decide what kinds of specific resources should' 



30 



be provided for science ind ri^thcmatici education in thwr schools— and 

to provide then. This diversified responsibility should also encourage 

the loc*l assistance ana participation by industry and professional 

groups in developing adequate programs 4n science and niathetnatlcs 

♦ 

education. , ' 

J 

IWOUSTRIAL INNOVATION 

There is increasing evidence of decline in innovation fn industry 
paranel;ng the decline in the health of the econony and increasing Federal 
regulation. • Long-tern investment and risk-taking have suffered a« the 
result of econonic uncertainty, and research and developnent have focused 
on incremental changes in existing products and on meeting regulatory 
requirements as the result of increasing corporate conservatism and Federal 
regulatory activity. 

r 

The ec9noin\c vitality and internatTtonal conpep^'^veness of this Nation 
depend on a strong, innovative industrial sector. It is the policy of this 
. Adralm strati on to strengthen the industrial sector, and to stimulate its 
innovativeness, not through direct Federal "Subsidies and intervention in 
corporate decistoti-naking, but through the provision of incentives and 
elimination of disincentives. Accord<lngly , The Economic Recovery Tax Act 
Signed by President l^eagan earlier this year, contains RSO tax^credits, 
acclticrated acpretiation schedules and other incentives designed to stimulat 



increased corporate investment in research, developirtent, and innovation. 
In addition, we are worlcing with this Congressional Comnittee and others 
fashion patent legislation which assigns to private sector organizations 
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the rights to patents developed under Federal RW funding. Over the next 
seve^^1 Rwnbs. Re will, be ;Jirecting Increased attention to these ^nd 
other incentives' designed to increase innovation. 

Smilarly, I an increasing ny jnvolvement in Administration efforts 
to ligftten the Federal regulatory burden on the private sector. We feel 
that an effective approach to making Federal regulations nore rational js 
to stren^t^en the scientific basis for regulatory decision-making. Recently 
I was appointed to the President's Task Force on Regulatory Relief, chaired 
^ the Vice President, and jsked to chair a regulatory work group on science 
and tecnnology including the heads of the'five n\^or environmental, health, 
and safetV regulatory agencies. We intend to use these nechamstns and others 
to improve, through science, t^e^rational iases for establishing reyulatory 
priorities- * 

Intygrnational Cooperation, in Science ' 
J Let me now turn to another area— mternati onal cooperation i/i science. 
Scientists have traditionally led the way in searching out those around- the 
world whose work was allied ta^theirs. Certainly the United, states benefitted 
tretTJcndously before WorVd War 11^ from the interaction of us scientists * 
with European scientists, and we benefit today fron the healthy competition 
among scientists of all rfations. 



Particularly m areas of basic research, international cooperation, 
tooay offers us sone welcctne opportunitres to share expensive frontier 
research that othenr*ise would be impractical to pursue. We should enbrace 
the opportunities to join with other nations im sharihg the high costs of 
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ajodern facilities and instrumentation. Just «s American scientists travel _ 
elsewhere to do research, ^e have long^welccxned foreign astronomers to dur 
observatories, foreign oceanographers to our ships, and foreign physicists 
to our accelerators, and we will soon be carrying foreign satellites in our 
Space Shuttle. We are all richer for the experience. ' 

Our general policy with regard to investment ifl these and other, more 
elaborate, joint projects is that we will give priority to those projects 
that best serve our national needs. 

Facilities and Instrumentation 

I mentioned earlier the need for the scientific community itself to 
share responsibility for establishing research priorities in the many 
'fields of science and engineering. I think it likely that the various 
ccmmunities will be called on to make similar decisions about new 
facilities. Across many different disciplines in universities, 
equipment and instrumentation for both research and instruction are' ^ 
ftgtdated and obsolete. ( am mysel f convinced of the serious needs for 
(nodern equipment in our research universities. 

But. I am not convinced that the sofution lies with the Federal government 
alone. I believe that the communities themselves, worki^ng with their 
supporting agencies, must decide which of their needs are most important and 
how best those needs can be net. For example, a university may be forced 
to decide whether its equipment needs are important enough to justify an 
offsetting reduction in some other category of support— or possibly in 
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the number of projects support^T^^^cJj decisions are not easy, but 
scientists Should participate * sucH^ judgr.ents. It seens clear th^t 
a more sustainable ratio of capiti^ to^operating funds in our research support 
tttiSt be achieved. F(Jr this reason\the £(5onomc Recovery Tax Act contains 
tax ir>cen<ives for industrial equipment contributions to academic institutions. 
It IS intended that these incentives will help to increase the role of the' 
private sect^ in maintaining ind upgrading the quality of university research 
eqjipnent and facilities. 

Institutions of Science ' , • • 

I am concerned, as I know you are, #bout how well the various institutions 
that -*e rely on for research and developnent are prepared for the future. 
In particular, universities and federal laboratories, important national resources 
and key to our overall science and technology base, are faced with re-evaluating 
their roles. , 

r 

The universities' imnediate problems are financial. Because of large 
ccnnitments to fixed costs of faculty salaries and maintenance of facilities^ 

*'many are poorly positioned to adjust to current and projected decreases in student 
popuUtions. That, plus the ever-present problems of shifts in course 
enrollnfient such as the current high denand for courses in computer science 
and engineering--pay force sone structural changes in higher education. For 
example, umversnies. which have traditionally responded to demand and paid 
higher salaries to nedical and law faculty than to other faculty, may be forced 
to further perturb the concept of equality anong professors by raising engineering 

'faculty salaries to attract new engineering professors and to keep those they 
have from leaving. 
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Some mstuuttons cwy dlro fi^d that the tenure* systen. coupled with 
low*turnover in nost f^J^ultj positions* connits them to fwintain a larye, 
iging faculty unso^ited to today's — or tonorrow's Instructional 
needs. In the'absence of growth in faculty size, hiring of new. young faculty 
members becomes .nearly impossible. This can have serious impacts on the, 
integrity of the institution Itself » and we may see sorne attempts to 
modify the tenure systen to restore sone flexibility to the schools. 



The Federal Government Is unlikely to intervene in this proc*esSrf 
even though it has a stake in the continued health of universitg^ research 
and associated education. Instead. I see the governinent '5 primary role as a 

supporter of i^eded research. Thi universities, along with the science 

i 

and engineering comajnities. must assune responsibility for creating a 
canpus ehvironnent in which the best'-iresearchers want to work and teach, br 
take the chance that a deteriorating quality of life on campus may drive ^ 
thVresearcher eUewnere. <The current tug-of-war between Industry and 
universities ffir molecular biologists is a striking indication of the 
pressures that vcan develop. 

» » 
The role of the Federal laboratories is differen^ *g*in. because 
they are creatures of the government. But nany of them are now more than 
30 years old. their original missions in some cases long ago accomplished 
or outdated. A Urge amount of Federal RAO funds goes to these labs. 
Can we honestly say that all of It is well-spent according to the criteria 
of excellence and pertinence? I intend to coacentrate on this issue^ 
during the coning year as we examine the role of these institutions. 
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look at their missions, and evaluate the returns on our investrsents. 
Qrtt thing we should be thinking about, however, is how changes in the 
Federal labs could conplenent changes in unive^sitiel^ Perhaps the J^bv*' " 
may be able to augnent the research opportunUie^^at^Oji^veVsitves 
^^thrqugh >ro4d.er use of thd.ir ej^tensfve facilities. Thfe labs, like the 
Jnivfec$^tifi^, can play an iipportant role in preserving and enhancing our 
national capability to produce new science and technology and to train 
new scientists and engineers. However, one cavetft: the Federaf labs 
should not slip into a situation where they are competing with private sector % 
research. That means they must have' clearly defihed missions of importance 
to the country. , ^ ^ ^ 

CONCLUSION * ' , , 

Hr. Chairrnan, I have tried to lay out for this Contnittee both the 
philosophy guiding the Administration's science policy as well as our 
positions on somespecific issues. I would like to emphasize that we 
perceive RiD as a neans to achieve necessary national objectives. For 
that reason I have talked at length today about the Administration's efforts 
ro stinulate a strong econony and provide appropriate Incentives for private 
sector expansion. And, I have discussed the appropriate role for government in 
science where, as in defense or basic research, government has a clear 
responsibility, and where, as in coixiercially oriented development, it does 
not. I want also to make the point that we believe this division of responsibility, 
coupled with the variety of incentives being pr.ovided, to the private sector, 
will encourage and stinulate economically and socially beneficial Innovations 
on a broad sea le. ^ 
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I have also stressed the need for discrimination in science and the role of 
thescientifit cocntimty in ?he fornation of science policy. I believe it 
ts vitally ioportant for the conmMnity to take a realistic view of the 
• current economic situation and to recognize that the growth that science and 
techfiology have enjoyed for so many years cannot continue. This is certainly 
no tragedy and is not liKel^ to do ham? to the current health of Araerican 
science. But the connunity nust accept *its responsibility for considering 
priorities withi^n a cons'trained* budget and must be willing to identify areas 
for both increased and decreased support. While this may pot be a pleasant 
process^ it is hardly unusual; we do it as'. individuals and we do it as a nation, 
I^^the scientific connunity can accept those ground rules, it will be in a 
strong position to share with the Federal Gov.ernment the responsibflity for 
allocation of resources* 
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Finally, I certainly nust acknowledge the key role of the Congress a^ a 
.partner in this policy enterprise. This Committee in particular has 
denonstrat^d thoughtful ness and leadership over many years as the Nation's 
science an<t technology needs and objectives hav? changed/ I look forward 
to productive cooperation with you during these inportant times. 

Hr. ChalnSan' I would be hapty to respond to (Questions Jt this time. 

' I • . h ' 
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Mr FuQi'A Thank you very much, Dr. Key worth: You have nibiV 
tioned the Government rebponsibility in basic research and so 
forth. 5 

Has the Government done a very good job jn managing its basic 
research sictivities over the last number of years? 

Dr , Keyworth think the Government ^has done a reasonable 
job, perhaps even a good job. The point that I am trying to make is 
, that I believe the Government can do a considerably better and 
more responsible job in the future. . 

Mr Fltqua. In the fiscal year 1982 and 1983 cuts that are under 
discussion and coming up nov^, do you see a series of years, say 
U84 and 198i> as v^rell, as requiring further cuts in the R. & D 
budget before a period of stability is reached or v/ill we reach a 
, period of stability prior to that time? ' 

Dr Keyworth. Mr. Chairman, I v^rorry about this as I know you 
do, because periods of fiscal constraint can be beneficial over rela- 
tively short periods, in my opinion. 

L will simply point out that to separate growth .in the Federal 
support of science and technology from growth in the Nation's 
economiy is m my opinion not realistic, but I do have serious con- 
cern about maintaining the health of the science and technology 
base of this country over extended periods of intense fiscal con- 
straint, and I think it points again to the simple fact that if the 
country s economy deteriorates Over a long period of time, our sci- 
ence and technology will necessarily follow. 

Mr. FuQUA. In the field of science and engineering education, 
which 1 think is very critical to our science and technology struc- 
ture that we have in the country, you suggest in your statement 
that the responsibility rests with local schools and communities. 

Ypu do not feel that there is a strong Federal rol^ in providing 
leadership in these areas of manpower training? 

Dr. Keyavorth. I think the Federal Government has a clear and 
permanent role m the leadership of American education. It is cer- 
^inly maximum at the college and graduate lev^l because vf^ the 
Federal Government are the principal supporters of the research 
that supports this training. 

On the secondary school level, for example, and lower, high 
schools and primary schools, I believe very strongly tlhat the Feder- 
al Government also has a role, but that the primary role rests in 
the hands of the State and local governments. . ' 

Dr. FuQUA. You mentioned that we have all been very proud of 
the number of Nobel Prize winners that we have had in science 
and medicine and all the scientifi6 fields, and' you cited that in 
your testimony. ^ * 

That came from investments we made in basic research in years 
past Do yon thmk the course^ that we are following now^ would 
result m a deterioration of the quality of scientific work and, say, 
the number of awards? 

I know We h^ye no lock on the Nobel Prize winners, but we have 
historically led the world in the number that have received that 
prestigious award. Do you think that 10 years from now, 20 years 
from now, that we will see an erosion of that support? 
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Dr. Keyworth. Mr. Chairman, I believe fervently that a concen- 
tration on quality can improve the overall strength of the Ameri- ^ 
can Basic research activity. ^ ^ ^ 

However, we must be realistic m observing the mcreaSOT activity 
in other parts of the world. For example, Japan to this day has a 
very small activity in basic research. . . ^ ; , , 

I personally discussed with the Prime Minister of Japan, and the 
Minister 'responsibile for science and technology their present in- 
terest and emerging interest in trying to build a basic research ca- 
pability in Japan. , ^ ^. 

I think necesarily the rest of the free world will expand its lactiv- 
ity in this area and, therefore, I expect that the sort of majority 
position that we have maintained in the past may not be as large 

However, I emphasize th^t the health and quality of our scientif- ' 

• 10 base I think can continue to flourish and increase with an em- 
phasis upon quality.^ 

. Dr. Fu^UA. Thank you. 

Mr. Winn? 
• Mr. Winn. Thank you, Mr. Chairman. 

Mr. Chairman, I think I will pass on my questions and give the 
rest of the committee a chanoe, and ask that you recognize me at 
the end. » 

Mr. FuQUA. Mrs. Bouquard? , ^i. . ^ 

V Mrs. BouQUAKD. Thank you very much, Mr. Chairman. , . 
^ Dr. Keyworth, what is your view of the science advisor s role in 
determining the applied research and technology development bud- 
gets of the R. & D. agencies? ■ u ■ 

I aril sort of concerned about what your priorities were in having 
a say in these budgets. For instance, do you intend to appeal the 
0MB cuts in DDE*s nuclear fusion or fossil energy programs and 
how do you feel about the cuts iti NASA's programs? 

Dr Keyworth. My role has been a quite clear one. I have served 
as an adviser to those elements of the White House that have been 
involved in preparing and discussing the fiscal 1983 cuts in all 
areas that encompass science and technology. i , • 

, The specific ones to which you4-efer, I have been intimately in- 
volved with and I will simply apologize for the fact that since we 
- are in the midst of the appeal process, 1 would rather not comment 
at this time on my specific stance. no- s> r\ - 

■ Mrs. BouQUAiVD'. I notice that our support for fusion K. & U. is 
dropping in spite of the administration's rhetoric about saving the 
nudear option. , • .t. 

TWie R. & D. is being taHen out and we are not having the part- 

• nership with industry which has been so important, and I think it 
is a very vital element of our international trade policy. 

'Dr. Keyworth. I certainly agree with your interest. However, 
' our support of nuclear energy has addressed one principal objec- 
-tive, restoring health to the nuclear industry to an extent that will 
allow nuclear energy to compete with other enerCT sources. 

.1 contend that much of the role that the Federal Government 
has played in the past in support of nuclear energy is tantamount 
to the role of a dead hand oh the activity of private enterprise. 

We are trying, in other words, to target our spending in support 
of nuclear energy as directly as we possibly can, and we have been 
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in very close consultation and partnership with the private sector, 
utilities, the nuclear industry, et cetera, in trying to assess these 
directions. 

Mrs BouQUARD I held hearings in my subcommittee this week 
, on the issue of electric energy systems and storage, where the ad- 
TOinist ration has told us that there will zero funding for these 
programs, that theytfeel there is no Federal role in developing 
technology to transmit or store energ>-. 

We know very well that our allies are going to take' the ball and 
run with it and this is another area where we are going to lose out 
on the balance of payments. » 

It is true that there are tax incentives for industry to expand 
P V.^^\a°"^^ '^^'p^ short-term R. & D. But for the long-term r' 
& D , 20 or 30 years, there is not sufficient incentive or money in 
the private sector to take the ball on this R. & D. work 

Dr Keyworth. I think the Federal Government and this admin- 
istration IS proposing a very healthy and 'realistic support of long- 
term energy R. & D. I think the private sector is carrying an in- 
creasingly important role in the support of primarily short and 
midterili activities. 

• I think the principal concern and differences between our admin- 
istration and previous administration's involves this midterm area 
We are watching today the actions of private industry in taking 
new directions a*nd pursuing new directions in energy R. & D., and 
I will say that I think we are totally encouraged at the actions and 
directions that we see occurring today. 

^ [hink the Federal Government is supporting a very healthy, 
stable, and adequate long-term basic research capability to support 
energy R. & D., in summary 

Mrs. BouQUARD. Thank you, Mr. Chairman. 

Mr. FuQUA Thank you, Mrs. Bouquard. 

Mr. Flippo? 

Mr Fuppo. It is a pleasure to have you here. Dr. Keyworth. 

In the Washington Post you were reported to have recommended" 
against the continuation of NASA's planetary program. Is this 
true? 

Dr, Keyworth. I would welcome an o'pportunity to elaborate 
somewhat on that rather crisp staten\ent attributed to me. 

The answer goes back to the word^ 'discrimination" that I used 
as the center theme in my testimony We have produced a new era 
in space science with the new capability of the Space Shuttle ^ 

I offered that as a statement and followed with the statement * 
that planetary research^planetary exploration has dominated the 
American space science program for more than the last decade. 

We desire to support a strong space science program across the 
three general axeas of what I will call space science: Planetary ex- 
ploration, solar-fWrestial science, and astronomy and astrophysics 

Mr Flippo How do you fegJabout the Galileo project? Have you- 
supported it to OMB? ^ ^ 

•Rf /^^f^^T^^J"l ^ ^^^^ discussed the Galileo project extensively 
with OMB I thinH it is a good mission. The question of whether we 
can afford it is under consideration now. 

Mr Fuppo. Have you specifically supported it to OMB? 
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Dr Keyworth. I cannot comment on the role that I have taken 
as an adviser. to the administration. on a specific budgetary issue 
under consiHeration at this time Excus^ o p n « ^ Uc 

Mr. Fuppo. You talk about the health of U.S/ R. & D. and its 
percentage of GNP. Are you including in your figures R. & D. tor 
the military when you talk about the-growth? 

Dr. Keyworth. Yes. . o * f 

jMr. Fuppo. How does the growth of R. & D. as a percentage ot 
GNP compare when you remove R&D. for the military? 

Dr. Keyworth. Are you speaking in fiscal year or 1^0^ ' 

Mr *<Fuppo. You made the statement in your testimony that 
R&D. expenditures over the last several years had compared ta- 
vorably with other nations and I was just wondering if you were 
including military R. & D. in your statement on page 5 in the 
middle whire you note that the ratio of research and development 
to GNP jKhe United States compares favorably to that of other 
industriaP^d nations. • ^ « x-. • i c 

I am wrodering if you include jniTitary R. & D. in those figures. 

E)r. Keyworth. Yes, I do. 

Mr Fuppo. How would it compare it you removed military 
R & D I think a reference to Japan should remove military K. & 
d". Japan has no military R & D. and I was wondering how well we 
are doing if you eliminate that? . i. 

Dr Keyworth. I shave in front of me the new science indicators 
that addressed total research expenditures, not R & D. expendi- 
tures, which I believe will address the point that you are trying to 

"^I'^see from 1960 to 1981, with a couple of exceptions, a constant 
increase in constant 1972 dollars. 

Mr. Fuppo. Well, I note on page 16 you say that we need to re- 
store an adequate R & D. base, and I think your reference there is 
to military or defense R. &D. -ooT^ornj, 

How do you classify' military R & D. or defense R & D.? loday ^ 
we are greatly dependent upon civilian nuclear power, but during 
the efforts of the thirties and forties, nuclear science was closer to 
military R. & D., wasn't it? ' . mi. • u t u .-.r 

Dr Keyworth. That>-is a good point. That is why I emphasize 
that I believe all the ^mission agencies should support a substantial 
level of research in those disciplines appropriate to their mission. 

The Department of Defense supports, and I believe the traction 
will grow in the future, an excellent basic research program. Mil 
and Cal-Tech were built largely with DOD funds. 

Mr Fuppo. Mr. Chairman, 1 would just conclude by saying that 1 
agree with your statement that science policy made without consid- 
ering economic policy is irrelevant, and I think that economic 
policy without regard to science policy is also irrelevant. 

Thank you, Mr. Chairman. 

Mr. FUQUA. Thank you. 

Mr. Weber?. 

Mr, Weber. Thank you, Mr. Chairman. , rr 

I have a couple of areas that I would like to ask Dr. Keyworth 
about and I realize some of this is speculative. One area, initiated 
by Congressman Ritter when he was a member of the committee, is 
putting risks and hazards into perspective. He has legislation deal- 
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ing with thiit hubjtxt which thib committee is probably going to 
work on next year. ^ 

I wonder if you have looked at that legislation and w hat your 
comments might be on putting hazards and risks into perspective 
and. more specifically, comment on Congi?fessman Ritter s legisla- 
tion. 

Dr Keyworth I have been appointed to the Task Force on Reg- 
ulatory Reform, because of the recognition of the importance that 
scientific bases pla> in a rational regulatory decisionn:\3king proc- 
ess, and it is becoming a major activity of myself and my office. 

We have been working with Congressman Hitter on his bill. We 
have been discussing the objectives and I believe that we, with 
joint effort, are coming up with a bill that the administration can 
enthusiastically support. 

Mr ^Weber So you expect to be supporting the Ritter bill at 
some point? 

Dr. Keyworth. Yes, I do. 

Mr Weber- The second area I would like to ask about involves 
one uf the trial balloo lis, or leaks, or whatever you call it, that we 
have been reading about lately in the area of the National Science 
Foundation budget. 

I supported the budget levels that the administration asked for 
last time and would like to do so again. However, the committee 
disagreed with the adminifatration's contention that we should zero 
out the science and engineering education area. 

Now we hear that that again is possibly going to be proposed by 
0MB or whoever proposes those thirfgs. 

Can you give me your thinking on science and engineering edu- 
cation, what the Federal Government's role should be in that area? 
Why do you feel that such a program is £i less virtuous pursuit 
than some of NSF's other activities? 

Dr Keyworth I have been spending a considerable amount of 
my time on this subject. I wish to point out that this administra- 
tion perceives the Government's role in science and engineering 
education as an important oner » ' 

However, I spoke of discrimination. The administration posture 
on the National Science Foundation budget for science and engi- 
neering education was one based primarily upon a value judgment, 
a measure of the excellence of those programs, not of the NSF"s 
role in science and engineering education. 

We believe that fellowships are in part a Federal responsibility. I 
have encouraged. the ffational Science Board ^ojdentifycfature^^^ 
rections that the National Science Foundation can follow in im- 
proving our education base, and I was just informed yesterday, in 
fact by John Slaughter, that they are proposing and trying to de- 
velop a program in support of improvj^d secondary school science 
education, 

Mr Wkber I appreciate your perspective, I would like to endorse 
vour comments on the graduate fellowships. My State is host to 
high technolog> organizations about as much as an>. I have talked 
with people at Honeywell, 3M, and Control Data and they believe 
that the fellowship is extremel> valuable, and if any. program in 
NSF de^trves expan^jon, it should be that one. 
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One controversy that ranges throughout this committee, whether 
it involves synfuel plants or Clinch River or any other project is 
the administration's policy that ai)pears to favor npt R. & U but 
actual commercial-level p?-ojects. 

I would like to get your thoughts on that if I could. ^ , 

Dr Keyworth. I think it is clear that our admmistration feels 
that the Federal role in demonstration should be minimal-r even 
approaching zero— except in those areas where the l^ederal Govern- 
ment is the primary recipient, such as defense, for example. 

The exceptions I think that are presently perceived caJi be attrib- 
uted to specific considerations such as the nuclear industry. 

Mr. Weber, I would like my silence to indicate that i am out ot 
time, not that agree with that. 

Mr. FuQUA. *'hank you, > 

Mr Gregg? - * 

Mr Gregg. Well, to follow on that question. Doctor, if one ac-^ 
cepts that logic, and also the logic which you earlier related that 
the nuclear industry must be competitive and that your participa- 
tion in the nuclear industry is to create a competitive climate, 1 
can anticipate that the administration is not^goitig to support the 
Clinch River reactor in 1983. j • ■ i. 

Dr Keyworth. I personally support, as does the admmistration, 
the Clinch River enthusiastically for a specific reason. The nuclear 
industry is suffering today from the impediments that have been 
imposed by th^ Federal Government over a period of time. 

I think that it is a Government responsibility to remove as easily 
and as quickly as possible some of those burdens that have been 
imposed upon the Industry. . . i . 

, I think the Clinch River, a midsize breeder project, is a technical 
development project that is an appropriate Federal responsibility 

J personally have never seen it aS the dichotomy that it is so 

often perceived as. , . j v. i. ^.u 

Mr Gregg. I guess this isn't the proper timfe to debate that. As 
we go into 1983, do you anticipate that rumors we hear now are 
accurate that research and development in areas such as solar, con- 
servation, fossil fuel, are going to be cut by 50 percent? 

Dr Keyworth. I think it is possible the adnynistration will pro- 
pose specific cuts in. these areas where the short-term payoff is 
greatest, yes. " u *o * 

Mr. Gregg. Does your office support that.'' 

Dr. Keyworth. Yes. * ■ . ^ ^.u i. t 

Mr Gregg. I would just represent from my viewpoint that 1 was 
probably one of the adminisbration's strongest supporters on thiS 
committee last year, but I don't believe that going back into those 
areas which have been cut dramatically ii#he last budget go- 
around is going to be worthwhile or receiv^much sympathy, at 
least from myself. I will leave it at that. „ p ^ r fi,^ 

How do you think that we can improve the R. & I). efforts ot the 
general activities of the Department of Energy? What are your 
thoughts in that area? ^ u ■ ^ 

^Dr. Keyworth. By focusing, would be my answer, by trying to 
focus on those areas where the payoff is greatest, wheUe the tech- 
nology is not likely to be pursued by the private sector, and 1 th ink 
that is a succinct description of the administrations energy polity 
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and th(? role that the Department of Energy plays in fulfilling that 
policy. 

Mr. Gregg. Thank you very much. 

Mr. FuQUA. Mr. Skeen? :> 

Mr. Skeen. Thank you, Mr. Chairman. * 

I would like to follow up on that same line of thought because 
the mterim report from the Energy Research Advisory Board on 
the R., & D. needs of the Department of Energy, states that due to 
the pressure for near-term technical solutions' to energ^y programs 
and the rapidly rising costs of operational research facilities, the 
funding of basic research has been declining and is inadequate to 
meet the Jong-term needs of the Nation. 

I would like you to expand on that statement. 

Dr Keyworth Thank you, because my office has paid particular 
attention to the role of the Office of Energy Research in the De- 
partment of Energy. 

In the first place, some of the best basic research that is conduct- 
ed m this country" is supported by the Office of Energy Research 
and we have, been extremely concerned about the health of the ac- 
tivities in that area. 

I think that when the President s budget submission for fiscal 
19K3 IS proposed in January, those who share that concern will be* 
pleased and will see the actions that our administratioSi has taken. 

Mr Skeen. We are getting down more to a priority system than 
we have had in the past, rather than trying the scattergun ap- 
proach to solving energy problems? 

Dr. Keyworth. I think you just stated it better than I have 

Mr. Skeen. Thank you. I wasn't trying to do that. . 

Thank you. 

"Mr. FuQUA. Mr. Walgren? 

Mr Walgren I want to weLcome Dr. Keyworth to the commit- 
tee. 

Mr. Chairman, if I might, I have an opening statement. , 
The Chairman. Without objection, it will be made a part of the 
record. 

Mr Walgren. Dr. Keyworth, with respect to the National Sci- 
ence Foundation and your expressions of your views on science 
education and the support thereof, I wanted to ask whether you 
have been rethinking the role of the Federal Government with re- 
spect to science education, particularly through the National Sci- 
ence Foundation? 

All the evidence that I see presented to my subcommittee is that 
there must be a Federal role in this area. The quality of students, 
particularly thinking now at the secondary level, the quality of stu^ 
dents in their initial exposure to science as they cojne into college 
and come out of the secondary level is just woefully ♦lacking with 
respect to the initial training in science that is necessary even if 
they are to have the option to pursue a scientific career. 

And there are people on the boards of college trustees that have 
made that point again and again. 

How can we solve that problem if we don't have some strong 
goals and programs coming from the Federal level that will help 
upgrade the secondary level of education in science in this country? 
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Dr. Keywohth. I think the answer is there must be a Federa 
role". I think there must be a partnership between States and loeal 
governments and the Federal Government. . , 

I" think that the Federal Government has played an important 
role in the past and I will point to the curriculums development 
that the National Science Foundation funded m the sixties, which 1 
think had a substantial benefit. • , m . • , o ■ 

We are trying to encourage Ln this case the National bcience 
Foundation to examine that role carefully and to propose a role 
that they should carry out in context of today s problems. We are 

We are alsq concerned that the paths we have been pursuipg in 
the last few years are not the paths that we need to pursue to ad- 
dress this critical problem that you describe. - , cc ^ 

Mr Walgren As you know, the curriculum development ettort 
has been eliminated- 1 believe we all should question at all times to 
try to improve things, but it strikes me that what we hear troni the 
administration so far are voices saying that this program has been 
ineffective and, therefore, we are eliminating it because ot our yiew 
of the Federal Government as not.being properly involved here. 

Is there anything that you can replace or do you have any sug- 
gestions what we could replace these programs with for those that 
you have criticized as ineffective in the past? , ^ 

Dr Keywokth. I feel presumptuous in responding because 1 am 
not an expert in education. I have encouraged the^ National bciende 
- Board to pursue possible initiatives, and we have brought in a 
large number pf educators and professionals to discuss this with us, 
and we are trying to identify programs that will be most effective 
in the^past. A program with a title is not a program of effective- 

^%r. Walgren. Well, I certainly would agree with that, but I 
would really like to underscore the fact that these programs have 
made some contribution. It would seem^to me that if we are losing 
these people wholesale because they have no decent exposure to 
^ the development of science at the secondary level, before we elimi- 
nate what little progress we are making on that level we ought to 
have strong programs to put in their place that would meet the 
need. Perhaps I could submit something further in writing. 

Mr. F,UQUA. Yes. We may have some questions to submit. 

Mr. Dunn, yoii have got about 1 minute. ' 

Mr Dunn.' One question, then. You mentioned 57 American sci- 
entists, Nobel Prize winners, versus 28, from all other countries in • 
the last 10 years. ^ , , . , 

Do you have any idea how many of those were doing research 
that was federally funded? 

Dr Keyworth. I am going to have to respond from speculation, 
because I do not have the facts in front of me, but I suspect that 
the majority of that research was either totally or in part funded 
by the Federal Government, because the Federal Government is 
the primary funder of this type of basic research. 

Mr. Dunn. I thank you. , . . r , u • o 

Mr FuQUA. As I mentioned at the beginning of the hearing. Dr. 
Keyworth does have a meeting starting shortly and he does have to 
leave at 11 o'clock. We thank you. 
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I apologize to the other members who did not have a^chance to 
ask questions, but, we may submit some for the record and maybe 
you can respond. 

Thank you very much for coming. 

Dr. Keyworth. Thank you. 

Mr Pu(5UA. Our Aext witness is Dr. Frank Press, the president of 
,the National Academy of Science, and former Science Adviser to 
President Carter. 

Dr. Press? 

[The biographical sketch of Dr. Press follows:] I 
Biographical Sketch of Dr. Frank Press 

Frank Pr^ was born in Brooklyn, New York in 1924. He received his undergrad- 
uate degree in physics from the City College of New York, and advance^ degrees in 
geophysics from Columbia University in 1946 and 1949, when he joined theColum- 
bia faculty, becoming associate professor in 1^52, working in the areas of geophysics 
• and oceancjgraphy In 1955 Dr. Press was appointed professor of geophysics at the* 
California Institute of Technology, and two yeab later became directtfr of its Seis- 
mological Laboratory He ^yas named in 1965 as the head of the then &partment of 
Geology and Geophysics at the Massachusetts Institute of Technology dMlT) which 
under his leadership, expanded into planetary sciences, oceanography, interdisci- 
plinary studies, and the joint program with the Woods Hole Oceanographic Institu- 
tion, and was renamed the Department of Earth and Planetary Sciences. In 1977 he 
was aKX)inted by President Carter as the President s Science Advisor and director 
Jiim P^^^l Science and Technolc^ Policy, In January, 1981, he returned to 
MIT where he mxa appointed Institute Professor, a title MIT reserves for scholars of 
special distinction Dr Press has been elected as the 19th President of the Niational 
Acf^demy of Sciences (NAS), where he will assume his new office on July 1, 19S1 
Diy Press is recognized internationally for his pioneering contributions-'in geophys- 
ics dceanography. lunar and planetary sciences, and natural resource exploration, 
, but ttis primary scientific activities have been in seismology, and the study of the 
earth s deep interior Recognizing the importance of long-period surface waves in 
stiKlymg the earth s structures, he developed the theory for these waves and the in- 
strJlmentation to record them Today the analysed of seismic surface waves and free 
osciUations are among the most powerful techniques for studying the structure and 
properties of the earth s crust an^ deep interior. Dr. Press also saw the need to de- 
velop techniques for geophysical studies of the moon and planets, using landed ob-' 
servatories Author of 160 scientific papers, he is also the co-author of the textbook 
fc^rth, widely used in courses in both American and foreign universities. 
Dr Press has been a leader in m£uor national and international projects. He 
iielped organize and gave impetus to the International Geophysical Ye»r, the first 
coordinated worldwide attempt to measure and map various geophysical phenom- 
ena, a decade-long effort that involved international explorations of Antarctica and 
the oceans Mt PressJn Antarctica is named for him. Dr. Press provided leadership 
in research efforts on earthquake prediction in the United States, and in interna- ^ 
^^^^ ^^'^P^"' People's Republic of China. 

As NAb president, Dr Press will continue a long career of public service, in addi- 
tion to his distinguished scientific work He served on the President's Science Advi- 
sory C<)mmittee during the Kennedy Administration and on the Bakei and Ramo 
Pr^idential Advisory Committee during the Ford Administration. He was appoint- 
ed by I'resident Nixon to the National Science Board, which is the policy-making 
body of the National Science Foundation,, and he also served on the Lunar and Plan- 
etary Missions Board of he National ^eronautidfe and Space Administration. Dr. 
yr^ss participated in the jilateral science agreement negotiations with the Soviet 
union, and was a member of the US. delegation to the nuclear test ban negotia- 
tions in Geneva and Moscow. 

Mtyor initiatives of his Washington service as OSTP Director and Science Advisor 
during the Carter Administration included increasing the Federal commitment to 
the support of basic research, the introduction oflaew me-dsures to spClr industrial 
innftvat^on, joint research ventures involving industry, the university, and the gov- 
ernment, and regulatory reform, particularly in improving the scientific basis of 
proposed regulations Dr Press was largely responsible for the U.S.-China scientific 
cooperation agreements in 1979. 
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lir Prebs IS a mouxU't ol M'Vfial prulessional organisations, and is a former presi- 
dent of both the SeisnioluKKal Soci<*t> uf America and the ^"^f^fi^^" ^^^^^P^^ 
Ifmon He ^^as electtnl lo the Natiutuii Academy of Sciences in 19d8. tWrnerican 
Acldem> of Art.- and Sciences in lUtiti, and the AniencanPhilosophi^^^ Society In 
lyM he was elected as a foreign member of th^^^^^^-^**^^^ Rnvit 
the recipient of^numerous honors, among which are the Gold Medal of the Royal 
Astronomical Societv. the Arthur L Day Medal of the Geological Society, and the 
Bowie Medal of the American Geophysical Union He was awarded the Department 
o^^X^Interi^^^^ SerMce Award ui ITA and N^\SA's Distinguished P^Wic 

Si^vice Medal in 1973 Dr Pre.s^ has received II honorary doctoral degrees His 
unique austmction lies perhaps in the dual contribution of the impact ^cient^ 
ic work on the development ol modern geoph>sics and the influence ohhis personal 
leadership in national science planning and adimn'f^''^'\5l?" , ^>u n ' u.„^ 
' Dr Press is married to the former Billie^ Kallick of -St. Louis The Presses have^ 
two children and one grandchild 

ST VTEMENT OF DR. FRANK PRESS, PRESIDENT. NATIONAL ACAD- 
EMY OF SC lENCES. AND FORMER SCIENCE ADVISOR TO'PRESI- 
DENT JIMMY CARTER 

Dr. Press. I am most pleased, Mr Chairman, to have this oppor- 
tunity to review with your committee the implications of current 
reductions in budgeted levels of support for many areas of federally 
sponsored research and development and the impact upon the 
American i^cientific enterprise of continuing uncertainties about 
future prospects for funding. . 

These hearings can also serve as a constructive assessment ot 
whether these budget actions imply a ahange of Federal policy in 
this area' While Dr. Keyworth's rerfiarks are fresh in mind, i 
would like to make a few comments. 1 admire him for the courage 
and enthusiasm with which he has tackled his job. It is a difficult 

one* I assure you. ^ ^ • ^ c- n 

I agree that we are the world s strorigest nation, scientifically 
and technically, but I think the issue before^ us is whether^or not 
we are doing the right things to hold that position. 

I agree-with Dr. Keyworth that we should protect the basic re- 
search as an appropriate Government function and that we should 
* transfer funds from unproductive efforts into more productive sci- 
entific enterprises. , • , , u 

I also find merit in statements he has made elsewhere concem- 
' ing the need to improve bcientific instrumentation in research labo- 
ratories, particularly in the universities, ^and I am concerned, as he 
us. about scieptific manpower. . i , ^ j- 

But the latest science indicators show that total Federal expendi- 
ture tor R. & D. in constant dollars is less in than in the Hate 
U)l)0's. In constant dollars, basic research budgets have shown little 
growth over this period. , . ..i r ^\ 

On October 2l) and 27, in collaboration with many of my col- 
leagues, I convened a conference at the National Academy of Sci- 
-ences on the Federal research and development budget for 198^ 
and the future The conference has, I hope, set in motion an in- 
formed dialog between public officials and representatives of the 
scientilic and technological community As you have requested, Mr 
Chairman, I will summarl/.e the results of that .convocation at the 
Academv and with your permission include in the record as an at- 
tachment to mv tebtimonv a more detailed statement on the delib- 
eration of that'conference as well as a list of the attendees includ/ 
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ing nearly 100 university officials* laboratory directors, industrial 
research executives, scientists, engineers, and individuals experi- 
enced in public policy. 

Also present were congressional staff, including several from this 
committee. The conferees were'briefed by the Presidents Director 
ot the Office of Science and Technology Policy, a senior representa- 
tive from the Office of Management and Budget, and officials of six 
governmental departtnents and agencies with major research and 
development programs. 

The conference consensus was reached on a number of findiBigs 
and conclusions. Consensus was reached by all in attendanoo/the 
industrial sector agreeing with the university and Government 
sector In my testimony I will highlight only the most salient con- 
elusions of the conference. I urge you to read carefully the attached 
detailed summary statement and commentary on the conference 

From these discussions emerged the following matters of consid- 
erable significances to the future health of American science. 

It is clear that like other sectors of our society the nation's scien- 
tific and technological enterprise has been hurt by the problems of 
the economy inflation, high .interest rates, industrial stagnation. 

Enor.ts by the Congress and recent administration to combat the 
effects of these ills on basic research through some real growth 
have unfortunately not allayed the problems. Further, as a per- 
centage of the gross national product, national support for research 
and development has declined since the mid sixties. 

Dr Keyworth believes that information to be^flawed, based, as it 
is on a controversial indicJatof, and it may be. Nevertheless re- 
search support has not grown since 1967 in the face of the inflation 
inh^ent in the research enterprise. Scientific advances become in- 
creasingly expensive, so many fields of science are now especially 
sensitive to decreases in funding. ,^ 
. Instability and abrupt changes in funding also have severe nega- 
tive effects. For example, these factors can cause the breakup of re- 
search teams, which take years to assemble, leading to poor use of 
irlVestments in experiments involving large facilities such as accel- 
erators, spacecraft, oceanographic ve^els and other instruments. 

The intrinsic relationship between the performance of basic re- 
search and the training of scientists and engineers to carry out' 
such research, means that instability or abrupt changes in support 
levels also can cause future critical personnel shortages. 

Conference participants were fully aware that the Nation must 
pass through a period of restraint in public expenditures and that 
the impact of this adjustment must be shared by those in the re- 
search community who receive Federal support. 

At the same (;ime, conferees underscored the necessity for recog- 
nizing that scientific research is an activity from which all sectors 
of society benefit Scientific and technological advances are impor- 
tant to the Nation's future economic health and security, and no 
significant sources of support exist for the collective benefit basic 
research provides, except the Federal Government. 

It is especiallv noteworthy, in this regard, that expenditures in 
basic research have, over time, consistently produced benefits in 
three critical areas of national concern— public health, economic 
development and national security, for example, antibiotics, hybrid 
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computer memories, transistprs, integratid circuits, to men- 
tions just a few. ' ^ . , . • J • I ^ 

Participants in the conferencTnoted mcreasing mdustnal sup- 
port for research and development, including outlays for research 
carried out at univereities. Industrial executives cautioned, howev- * 
er. that it was^unlikely that increased industrial support of umver-, 
sity-based research and development would offset proposed reduc- 
tion in Federal expenditures announced by/administration ottiCials, 
and it was unr^^alistic to make such an. assumption. ^ . ^ ' 

Moreover, it was further noted that industry will likely focus its 
support on a few fields or disciplines. Or^y the Federal Govern- 
ment provides across-the-board support in Basic research and this 
has long been accepted as a legitimate role. r . ^ i 

In recognition of those long-accepted principles of the l^ederal 
role in support of research and development, conferees concluded 
that if further reductions are required in the Presidents tall 
budget program, this process should not jfnvolve a simple across- 
the-board cut in all budgetary accounts. / , . . ' . .u 
They proposed alternatively that the/ administration and the , 

Coni^ress should: . y ^ . rli u • 

Make budgetary adjustments that maintain support ot the basic 
sciences by reallocating funds between research and development, 
and between agencies; , r • 

instruct the agencies to maintain the strength ot science in 
aKency budget allocation; ' ' , . 

Direct that a larger part of increases in the national security 
budget be applied to the funding of basic research essential to the 
maintenance of that security; for example, in the computer sci- 
enAs or solid state physi'csy . vt • » '• .-r- a r. 

iiTrecognition of the importance of the Nation s scientific and en- 
gineering manpower pool, continue graduate student support 
through research grants, fellowships and traineesliips; ^ 

Recognize the need to revitalize the instrumentation and lacility 
ijase on which future scientific and technological advance depends, 

Mr Chairman, a recurring theme throughout these discussions 
was-Rwgnition that the- Nation's scientific base has suffered more 
than a decade of neglect with little or no real growth, and that the 
above steps are essential to maintain the competence ot statt and 
the quality of work being performed in the Nations laboratories^ 

The conferees also called f6r the initiation of an evaluation ot 
the institutional system for supporting research and development-- 
Oovernment laboratories, the Fed|lral funded research centers, and 

the universities. - . j-^ li. •i.u v 

I suspect that the fir^ major concern that must be dealt with is 
one of credibility, that is, the growing uncertainty within the scien- 
.tific and technological community about the Federal Governments 
long-term objectives for supporting fundamental research. A series 
of events extending back for a number of years has led to the cur- 
rant climate of confusion and uncertainty. Federal support of basic 
scientific research in constant dollars has remained static since 
11)67 The instruments for research antj the laboratories are aging; 
attempts to recognize and ameliorate the ^problems nave not met 
with success. During the past year support for social and behavior- 
al science research was specifically targeted for reductions, suggest- 
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ing policy decision to reduce the federsfl role in these areas of re- 
search. 

The Pefleral role in support of science education has ^been 
brought into Question. And budget cuts are proposed for, fiscal year 
1982 and 1983. Hopefully, we will see a call for improved quality 
rather than elimination of programs. 

If these reductions are actually imposed at significant levels or 
without a sense of priorities (for example, greater emphasis on re- 
search rather than on certain appropriations for development, sup- 
port for more productive rathen than less productive institutions, et 
cetera), damage could occur to the vfery institutions which have 
kept U.S. science prominent over the last four decades. 

The major circumstances leading to erosion of Government sup- 
port are well-known! -diversion of resources to support the war in 
Vietnam, impact, of spiralling inflation, and the growing demands 
of an ev^r-increasing array of Federal programs for a larger share 
of the Federal budget. , 

These factors alone, however cannot fully explain the current 
^xiety that exists over the future of>Ainerican science. In the cur- 
rent and recent administration^, knowledgeable officials have testi- 
fied to the continuing health of American science. Certainly these 
statements haVe a basis in fact. We publish a^ubstantial share of 
the world's scientific papers and our scientists are recognized as 
leaders in most scientific disciplines. The capabilities of American 
laboi^^tories continue to contribute at the growing edge of innova- 
tion in most*sqiehtific areas and American scientists Continue to re- 
ceive the overWhelmiiyg share of Nobel prizes. Even though Ameri- 
can technology incre^ingjy has been challenged by other industri- 
al nations, our leadership in. fundamental research remains the 
worjd standard of excellence. V 

I think that is the point If you ask the NoBel prize winners, as 
your oQmmittee has done, to compare^ the ftianner ofJdoing science, 
the environment for conducting scientific research today to those 
days when they were the most productive, I think you will learn 
that they have serious concerns about the current environment for 
research^ 

Perhaps the greatest anxiety of those engaged in our scientific' 
and technological endeavors stems from the increasing difficulty of 
mamtaining this enterprise with a nearly static level of constant 
dollar funding. 

The ability of the Nation's scientists and engineers to contribute 
their full potential is impeded un(Jer these circumstances. Many 
high quality investigators are denied sufficient support; many lout- * 
.standing research. propQsals are not funded at all; often the .Ume 
period of grant support is inadequate to permit successful pPbject 
completion; as a result, training^the next generation of scientists 
and engineers has suffered. • , * ' ' ( 

At the same time, indirect ^osts of research, th^ MiiiTe ^sing 
burden ofpesponding to governmental administrative require- 
ments, apd^sociated difficulties in funding higher*education have 
cut heavily into the absolute amounts available for actual research. 

If these. conditions describe a steady trend of events in the course 
of our national affairs, then indeed a substantial basis exists for 
the anxieties manifested by the scientific community concerning 
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how Hong American bckncii^ can sti^Uih.a position worthy of our 
great Nation. \ - "^ ^r- . ' 

Mr' Chairman, for 1^ years we have professed to recognize the 
im{k>mhce of Federal suppoft of science, but haVe not acted on 
that i:<?c6gnition in an organieed, /carefully thought out manner;. 

Today, we should ia) first recognize that our efforts do not com- 
port vvith^a policy of continued strengthening of the Natioiis^S & 
T. base, ^nd (b) seek» either to implement that policy, or face the 
aiternaUve .policv options with which we must grapple in a time of 
static or declining Federal support of science. The'se alternative 
policies could place unforeseen stress and dislocation uppn an en- 
deavor in which s6me growth is Vital to the exploration pf new op-^ 
i5ortunities. * ' V * 

My hope, of -course, is th^t we.ar^ experiencing a temporary con- 
straint upon publiu expenditures for science during a finite penod 
of fiscal austeritiy and that these constraints are imposed within a 
strategy of minimizing damage. However, after 15 years of no real . 
growth in th^ support of R. & D., I ant' not s^^nguine about such a 
temporary sUUe of affairs. Certainly, the trend is not easilj^ revers- 
ible unlesb the Presl^erit and ' the Congress cooperate to rekindle 
the Nation's enthusiasm and suppbi^t of the scientific and techiio- 
loLMcal innovations. that offer opportunities for new discoveries, 
new indubtnei., bulving national problems, and fostering our social 
and economic welj-Be^g/ . * u > r ui- 

Some years ago, in H)T8, I had occasion ,to ask a number ot public , 
officials "to idt>atify oatbtanding research qu(iS>tions including those 
-with prospective btgnificanci? for contemporary social problems and 
ibsues The list., of responses, attached as an 'appendix, well illus- 
trates the consequences tliat could flow from continued vigorous 
support of basic research by Government agencies and by industry 

and business. ^ ^. . . r- • u j 

Let me' cite -some examples of th^ questions on the unfinished 
agenda in science tftat adequate fiiftdrng might enable us to tackle 
Caft we discover antiviral* agenls^ t6^ combat viral diseases— drugs 
•that would have as important an effefcl on mankind as did the dis- 
covery of antibiotics. Such a djscov^y wolild^also provide a better 
'understanding of%)w cells ip:iBimi2e mutations under normal and 
imposed environmental stress.^What axe the mechanisms by which 
hormonal substances reduce growth? What are the matter and ^ 
energv mechanisms of stars, quasars, pi;dsars, black holes ^ C an ma- 
tewals be found that exhibit superconductivity at room tempera- 
ture? How can we^ enhance productivity by automation and artifi- 
cial intelligence? Can new materials be developed that would 
lessen pur dependency on critical or strategic elements.^ These are 
4he kinds of issues we ntight tackle with adequate support of our 
•scientific e'hterprises. . * . or* ^' 0^7 a 

The conference held at the Academy, on' October Zi) and 27, and 
vour hearings, which will undoubtedly exterid'into the next session, 
can bi^Mri the dialugUe needed to address.the uncertainties faced by 
our scieatjific and teclinical enterprise and offer us the opportunity 
to bring a greatei measure of stability to the budgetary process. It 
IS in that vein tl^at I offer for your cqjffsideration a series of recom- 
mendations to aid in restoring program stability and i)i^edictabihty 
to our nationaLscientific enterprise. These recommendations, if fol- 



lowed, would go far toward reaffirming our commitment to the 
policy that continued bound investments in fundamental research 
by the Federal Government are essential to our national goals. I 
-present them to assist in establishing a plannin^framework for 
your committee's consideration and*debate as you pursue the task 
at hand. 

I propose, a 10-year compact among Government, industry, and 
uraversities to establish new national goals for support of science 
as follows: 

, ^a^The basic scientific research budget for the Federal Govern- 
ment should increase each year at a rate that would cover inflation 
and permit 1 or 2 percent real growth. This annual rate of increase 
would respond to the need for stability and preuictability in estab- 
lishing long-term planning goals and also provide for the intrinsic 
inflation in the costs of doing science as new methods and tech- 
niques emerge This might be considered the base program for all 
scientific fields. 

/b^Jn addition, another 1 percent annual increase should be pro- 
vided to support special targets of opportunity in particular fields, 
or for areas of research reflated to particUlarmational needs, and to 
' provide supplementary funding to assist in meeting costs for essen- 
tial instrumentation and plant facility .heeds. This would be a 
means of assigning high priority, to certain significant fields in 
which the pace of discovery is particularly swift. 

fcj The scientific community and the Government will cooperate 
to find^ways of jtransf erring funds from the less to more productive* 
areas or institutions supported by Federal research funds. By cut- 
ting indirect costs, reducing regulations, and improving efficiency 
through longer-term awards, it would be reasonable to expect' an 
increase in annual productivity equivalent^to as much as 2 percent 
support. 

Industry should commit to 1 percent growth that is about $50 
million /year, .on top of its present contribution to university re- 
search in recognition of the tremendous boon that industry re- 
ceives from this kind of research, 

^^\To assure continuation of adequate support of graduate educa- 
tion in science and technology, a cooperative partnership including. 
Government, industry, and universities is proposed. Under such an 
arrangement: 

Jl) The NSF and the mission agencies v/ou\d ^pport a coordinat- 
ed program of national research fellowships and traineeships. NSF 
would provide support for an overall program of merit, much along ' 
the lines of the current activity, mission agencies would ^comple- 
ment the NSF program by establishing fellowships to encourage ca- 
re^^rs in areas where special scientific and engineering manpower 
needs exist, such as toxicology (EPA), combustion science and engi- 
^^^i'^^ OEnergy), and computer*- sciences and integrated .circuits* 
(DOD, NSF).* 

(2) Industry would be encouraged to establish additional fellow- 
ships in fields where its needs are greatest. Recipients .could be se- 
lected m collaboration with a Federal agency, such as the NSF or 
by an independent grqup to insure a national con^etition of merit. 

A compact between Govecnm^^nt, industry, and^he universities, 
encompassing the above initiatives, could assure the stability, pre- 
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d4Ctabilit>, and mil growth nt^eded for a strong U.S. effort in sci- 
ence and technolog>. It need not be an expensive program, some- 
^\here on the order of $600 million per year, jf. some astute trans- 
ferb are made from development to research in the overall Federal 
re&earch and development budget. That is the equivalent of two 
B-1 bombei-s. 

I would recommend, Mr. Chairman, that responsibility for curry- 
ing out these initiatives, especially the last two items, \vhich re- 
quire close surveillance and comprehensive overview, should be as- 
bigned to the Director of the Office of Science and Technology 
PoHcy. 

The approach I have recomiftended recognizes that a strong scj- 
entific and technological enterprise is closely bound up with our 
status as a great nation, with a healthy society and a strong econo- 
m>. This approach, also reinforces our existing practice of relying 
upon support of individual research projects and shared responsi- 
biht> between the public and private sectors for the performance of 
fundamental research. 

The pluralistic nature of ^ this institutional arrangement has 
given us a flexible- system o'f research and development^^ftrf has 
provided the incentives for individual excellence. I urge that we 
continue the basic system which has served us well over the past 
several decade^, but also introduce modifications and improve- 
ments that the times require. 
. Thank you, Mr. Chairman. 

[The statement^of Dr. Press follows:] 

« _ \ 
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Statkmknt op Db Frank Phtiss. President, National Academy of Sciences 
I aa sosc pleased, Mr. Chainaan, to have this. opportunity to 
rcvxcw with your cotsaittee the implications of .'current reduction 
In budg.et(<r levels of support fojr aany areas of federally sponsored 
research and developcent, and thtt" iopact upon the Arsericau scientific 
enterprise of cQUtinuing uncertainties about future prospects for 
funding. These hearings can also serve as a Constructive assessuent 
of whether these >ix^geC actions luply a change of Federal policy in 
this area. 

On October '26-27, in collaboration with many of my' colleagues, 
I convened a conference at the National Academy o^ Sciences on the 
Federal Research and Development Budget for 1982 and Future Years. 
Although this convocation called together aembers of the scientific 
and technological conmmity to address the problems arising from 
reductions in and uncertainty about current Federal support of 
sciences^ its purpose also was to survey circunstances of the pist 
fifteen years, which have seen no growth In funding of scientific 
research and government funded R&D, 'during a period in which the 
Intrinsic costs of jioing science continue, to increase. The conference 
has, I hope, set In cotlon an inSonsed dialogue between public officials 
and representatives o£- the scientific and technological cotmaunity. As 
you have requested, «r. Chairman, I will summarize the results of that 
convocation at ^he Academy and with your permission include in the 
record as an attachment* to my testimony a more detailed statement on the 
deliberation of thatf conference as well as a list of the attendees. 



58 , 



54 



The conference attendees'^ciuded rfearly 100 university officials, 
laboratory directors, industrial research executives, scientists and 
engineers, and individuals experienced* in public policy. Also presenc 
were Congressional sta*£f, including several froo this cotnaittee. The 
conferees were briefed by the ?residencJ<s Director of the Office of 
Scienoe and Technology Policy, a senior representative fr^a the Office 
of Management ^d Budget, and officials of six governmental departaents 
and agenftes vith xajor research and development programs. Ac the end 
of Che conference, a consensus was reached on a nuciber of findings and 
conclusions. In^ay testimony, I will highlighc only the more sallenc 
conclusions of che conference, 1 urge you to read carefully the Qore 
detailed sxissarv statement and commentary on che conference attached 

to my testimony. 

From these discussions emerged several matters of considerable 

significance to ♦the future health of American science. It is clear 

that like other sectors of our society the nation's scientific and 
' technological enterprise has been hurt b> the p^roblens of the 

economy -r inflation, high interest rates, industrial stagnation. 

Efforts by che Congress and recent Administrations to combat che 

dfiecrs of these ills on bAsic research througn some^real growth 

ftave unfortunately not kept pace with the problems. 

Further^ as' a percentage of the Gross National Product, national 

support for researcn and development has declined since Che mid-lr960's. 
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B€Ctu»e of lack of real growth in research support over che years 
In Che face of the intrinsic inflation inherent in the research 
enterprise, oany fields of science are now especially sensitive to 
decreases la funding. 

Instability and abrupt changes in funding also have severe • 
effects. For exac^le, research teans, which take years to asseoble, 
are brQken up and investaents in experiments involving large facili- 
ties such as accelerators, spacecraft, oceanographic vessels and 
other instrunents are pooUy used. Because of#che intrinsic relation- 
ship between the perfornance of basic research and che training of 
scientists and engineers to carry out such research, instability 
or abrupt changes in support levels also can lead to future critical 
personnel shortages. ^ 

The Participants in the conference were fully aware that the 
nation csust pass through a period of restraint in public expenditures 
and that the icpact of this adjustment must be shared by chose in 
che research cotsaunity receiving Federal support. At the satae time, 
Chey underscored in their discussion the necessity for recognizing 
Chat scientific research is an expenditure from which all sectors 
of society benefit, that^ scientific and ^technolbgical advances are 
inpOrtatit to the nation's future economic health and security, and 
that there are no significant sources of support for such a collective 
benefit other than the Federal *Ck>vemnent ■ It is especially noteworthy, 
in this regard, that those expenditures in basic research have, over 
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tiBC, consistently produced benefits in three critical areas of 
national concern — public health, economic development and 
national security. " 

Participants in the conference noted that industrial support 
for research and developtsent was increasing, including outlays for 
research carried out at universities. Industrial executives 
cautioned, hovever, chat it vas unlikely chat increased industrial 
su??or|||^, university-based research and developcenc would offset^ 
proposed reduction in Federal expenditures announced by Administration 
officials, and it v^s unrealistic to make such an assumption. Moreover, 
it vas noted further that industry vill likely focus its support on . 
a few fields or disciplines. Only the Federal government provides 
an across-the-board support m basic research; and this has long 
been accepted as a legitimate role. f 

Since basic science and engineering are long-term investments, 
the conf.erees urged that the government plan carefully for their 
support and cKat such plans -be protected from abrupt change. 

In recognition of those long accepted principles of the Federal 
role in support of research and development, the conferees concluded 
that if further reductions are required in the President's Fall Budget 
Progran, this process should not involve a simple across-the-board 
cut m all budgetary accounts. The conferees proposed alternatively 
that the ^^dsinistration and the Congress should: ^ 
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— Make budgetary adjastaents that aaincain 
support of the basic sciences by reallocacing 
fuads between research and development, and 
becvcen agencies; 

— Instruct Che agencies to nuintain the Strength 
of science in agency budget allocation; 

— Direct that a larger part of increases in the 
national security budget be applied to the . 
funding of basic research that is essential to 

the tsaintenance of that security; 

In recognition of the inportance of the nation's 
scientific and engineering manpower pool, con- 
tinue graduate student support through research 
grants, fellowships and traineeships; 

— Recognize the need to revitalize the instruaen- ' 
cation and facility base on which future scientific 
and technological advance depends. 

Mr. Chairaan, a recurring theae throughout, these discussions was 
recognitl,on that the scientific base of the dation has suffered a 
.^decade of neglect with little or no real growth, and that the above 
steps arc essential to maiVicain the competence of staff and the 
quality of work being perforacd in the nation's laboratories. 

In viewing the future beyond ^1982, the conferees called for 
acceptance by the govemaent of several principles, ft was agreed " 
that a strengthened oechanisn is needed through which the scientific 
" and engineering conamnities can provide continuing advice to the 
government oq resource allocation and assise in Che analysis of the 
impact and ben^tfics of alternative shorter and longer term budget 
strategies for government investment in science and engineering. 
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The conrcrccs also called for the initiation of an evaluation of the 
institutional systea for supporting research and development, including 
the aechanisns for allocating resources an<^ evaluation of the need 
for socie facilities. Finally, the conferees urged that policies at 
all levels of govemsent should be established which will assume 
the continued flow of an adequate supply of scientists and engineers 
into the nation's research endeavors. 

Mr. Chairsan, it appears to me that we aust once again reaffirm 
the credo so aptly outlined in the 1945 report. Science, The Endless 
Frontier, that the advancement of science is unquestionably in the ♦ 
public Interest and that support of basic research, ^.s a legiciniate 
responsibility of govemsent. The question faced by the Administration 
and the Congress* is not whether we support research, for that decision 
lies behind us. Today, the question involves a search for redefinition 
of the tneans and aechanisa for determining appropriate levels of . 
support under current and future fiscal circumstances.. 

I suspect Chat the first major concern that must be dealt with 
is one of credibility, i.e., the growing uncertainty within the 
scientific and technological coinnunity over what are the present 
long-tern objectives or the Federal government for' supporting funda- 
mental research. A series of events extending back for'a number of 
years has led to. this current climate of confusion and uncertainty. 
Federal support 3>f basic scientific research in constant dollars has 
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remained scatic since 1967.^ The inscrunents for research and cha 
laboratories arfe aging and various acceapcs co recognize and 
amelioraCe che problems have noc mec vich success. During che 
past year support for social and behavioral science research uas^ 
specifically targeted for reductions, suggesting an implicit policy 
decision to reduce the Fed«rai role in these areas of research. The 
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Federal role in support of science education l»s been brought into 
question. Hopefully, we will see a call for improved quality ra-t'Ker 
than elimination of che program. Added to these are the propose^^ 

♦r 

reductions for fiscal year 1982 and for further rounds of budget cuts 
in fiscal year 1983. If these reductions are actually imposed at 
significant levels or without a sense of j priorities (e.g., greater 
eaphasis on research rather than on certaih appropriations for 
development, support for mor*e productive institutions, etc.)^ damage 
could occur to the institutions of science, whl^ch have made the 
U.S. preeminent Over the past four decades. 

The major circumstances leading to the erosion of this support 
are well known. The diversion of resourced to support the war in 
Viet Va;a,s the impact of st^iralling inflation and the- growing demands 
of an ever- increasing array of Federal programs for a larger share 
of che Federal budget. This situation cannot of itself fully explain, 
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however, che current anxiety chac exists over the future of Anerics 
science . In the current and recent AdainiStrations. knowledgeable 
officials have testified to the continuing health of American 
science and certainly these statements have a basis in fact. We 
publish a substantial share of all scientific papers and our 
scientists are recognized as leaders in most scientific disciplines. 
The capabilities of Anerican laboratories continue to contribute at 
the growing edge of innovation in nost scientific areas and American 
scientists continue to receive the overwhelming share of Nobel prizes. 
.Even though American technology increasingly has been challenged ,by 
other industrial nations, our leadership in fundamental research 
reoains the world standard of e:Ccellence. 

However, responsible leadership requires not only recognition of 
o\»r present position but also trends vhich sight cause serious erosion. 
In spite of our apparent strength, there reoains an underlying uncer- 
^mcy about our national scientific endeavor considered in the 
broader context of other social and economic troubles. There are 
many manifestations of these trends. First Sind foremast are the 
econoiiic pressures of the ever-increasing technological competition 
of other industrialised nations. Added to this are the worldwide 
rise m petroleum prices and the inability^of dcraestic petroleum 
production to keep apace of domestic^ Consumption. There is some 
public concern, less today than a decade ago, about the rigks^anf 
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hazards arising froa xhe uses .of cechnology. I believe there is 
growing public recognition of the social and physical amenities, 
which science* and ^technology hav^. provided' to ou^r society. / 

Perhaps the greatest 'anxiety 'of those engaged la our scientific 
and technological cfOeavotvs scens from the increasing difficulty > 
of aaintaining this enterprise with a nearl^r static level of (constant 
dollar) funding. The ability of the nation^s scientists and engineers 
to contribute their full potential is impeded under these circumstances. 
Many high quality investigators are denied sufficient support; many 
outstanding research proposals are not funded at all; often the tine 

perioji of grant support is Inadequate to permit successful project 

f " 

comp,letion; as a result of all of this, raining of the ne;ct generation 
of scientists tnd engineers has suffered. At the sane time, the 
Indirect costs of research, the increasing workload burden of responding 
to governnencal adninlstrative requirements, and the associated 
difficulties in the funding of higher education have, cut heavily 
into the absolute ataounts available for actual research. 

If these conditions describe a steady trend of events in the 
course of our national affairs, there is a substantial basis for the 
anxieties manifested in many parts of the scientific community about 
how long American science can sustain a position worthy of a great 
nation such as ours. 
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Mr, Chairman, for fifteen. years we have professed a policy 

recognizing the iaportance of Federal support of science, but have 

not acted on it in an organized, well thought out manner. T6day, 

we should (a) first recognize tha.t our best efforts have not kept 

pace with a policy of continued strengthening of the nation's S&T 

base, and (b) seek, either to implement that policy, or face the 

alternative policy options with which we oust grapple in a situation 

of static or declining Federal support of science. The implication 

of this latter alternative can plJce unforeseen stress and dislocation 

upon an endeavor in which some growth .is vital to the exploration 

of new opportunities. 

A basic dilemma that we face under a policy of reduced budgets 

» 

for science and technology is .a conflict between assuring support 
for the highest quality scientific endeavors and at the same »lme * 
supportitig broader national goals of strengthening academic capa- 
bility for science at all levels throughout the nation. I wiH 

recall for you the instructions of former President Jobrwon in -a 

% 

-1965 statement to his cabinet on this subject* ' He said: 
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"At present, one-half of the Federal expenditures 
for re^arch go to 20 oajor Institutions, oosC of 
vhlch^^ere strong before the advent of Federal 
research funds, Durlxig the period of Increasing 
Federal support '^sldce World War II, the nunber of 
4 Institutions carrying out research and providing 
advanced education has grovm impressively. Strong 
centers ha\xe developed in areas which were previously 
not well served. It is a particular purpose of this 
policy to accelerate this beneficial trend since the 
funds^ are still concentrated In too few institutions 
in too few areas of the country. We'want to find 
excellence and build it up wherever it is found so 
that .creative centets of excellence may grow in 
every part of the nation." 

These remarks enunciated a policy of continuing growth in Federal 
research very shortly before annual support levels for science reached 
their peak level. Under that policy the Federa^ Governjacnt supported 
aot only the best of the scientific enterprise but as well the 
relatively next bests all in otder to achieve a wider geographic 
dlstributj^on. American science haA, of course, always been per5Qrmed 
t>y a vide array of institutions, Basic research is carried out in 

T 

universities, industrial and governmental laboraCoi:ies and by 

m ' * ' / 

nonprofit organisations and has been supported by private foundc&tlons, 
by industry and by govemijenc* Underlying this policy is the belief 
that improvement in the quality of American science is closely tied to 
widespread use of public Jfynds ttr'support the scientific enterprise. 
Such a practice was possible with a budget support policy of' general, ' 
growth in Federal expenditures. .* ^ 
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I subcat, Mr. Chairman, that under today's circumstances of 

flnanc-Slaustericy'acd th€ growing liational consensus thJit this^ 

nay prevail for sotae years, it taay bc.nex:et^^|^to recxaoine this- 

pitiralistj^c cornerstone of Federal, sfe^o*^* policy. Onder continuing 

tight budgetary constraints, if Anericaa science is tb^^ntinUe in a 

Dro<^tive and healthy pattern we consider csse^ijtial for o^intainiJig 

our conparative. technological strength* a reevaluation ciy be «. 

. 

rcqtiired of the coopronise between egalitarianisa arfd eliti$m that ^ 
has characterized past federal funding policy for science. Such a 
conproci^.sc nay no longer be realisation However, the consequences of 
such a reevaluation .can, as you may w^ll inagine, crefate gr^at stress 
"within thciAaerican scientific: enterprise. 

My hope Is, of course, that we axe experiencing a temporary 
ksonstraint upoif public expendicurep- for scJShjjgi- during a finite 
period of fiscal austerity. ^I*hope"that these constraints are ^ 
iaposed wlthin*a strategy of ricLhinizing; damage^ ^H<iwever, I am wt 
sanguine about sucl> a teaporary state affairs afteV fifteen years 
of na real growth JLa the supporc:^ of research or R&D. Certainly, 
the trend is not .easily reversible unless* the President and'^he 
• Congress jointly cooperate to rekindle the nation's enthusiasm and 
support of the opportunities that scientific and technological 
Innovations^ tjffer for jUw discoveries, new industries, soJ^Ving ' 
national probleas.and fostering our social- ind economic^ well-being. ' 



There U no need for me co address co this Cocaiccee a detailed 
Justificatioa^for why the health of science and 'the well-being cf our 
society are closely linked. la your deliberations you are constantly 
made aware of the contributions chat research and technological 
applications have made co econonic «nd social progress and of the 
rcaarkable panoraca of scientific frontiers in which U.S. scientists 
are effectively engaged in exploration. Much has been accomplished, 
• but the Dajor fields of science continue to offer oaay opportunities 
for fruitful Investigation. 

SoTze tiae ago, in 1978, I had occasion to ask a number of public 
officials to identify *sone oucsta^nding research questions including 
those with prospective laportant relationships to contemporary 
problens and issues in society. That list, which is attached as an 
appendix, well illustrates the consequences that could flow from the 

' c 

continued vigorous support of basic research by many agencies of the 

c 

government and *by our nat;Lon's industries and businesses. * 

The 'frontiers in science remain ejtci^ng. Many of these frontiers 
have been aptly described in the first- and second Five-Year Outlool? 
reports submitted by the Academy for the Administration and the Congress 

I would like to cite from the summary observation of the Just 
released publication of Outlook IX . exaaples of the excitement that 
pervades. many areas pf science, not only becausfe of the remarkable 
success of pur scientific endeavors in extending the frontiers of 
knowledge but also in terms of scientific contributions to the 
spawning of new industrial enterprises. 
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"The chapttr on Sun 4Qd Earth describes che reoarkable ingenulcy, 
dareful pUnnloi, and clever instrucencatlon chac has been used co 
gain further insight into che physics of che stm and che manner in 
which che sun's radiations govern the properties of the gaseous 
layers surroimding che^earch, deceralning' cheir chenical cooposicion 
and the nicure of both ^he tBagnecosphere and che ionosphere — wlch 
itgportanc 'iisplicacions for radio cotsnrunicacion. Solar energy, a 
fraction of «hlch Is direccly used for plane phocosynchesis, is 
largely Jibsor bed at the ear thU^sur face, fr on where it ultimately 
stoke? t)ie englne-j^ihlch cTteatts' Weathe;;: in the lower atopsphere. 
Nevertheless, the extent to which peteorological phenonena, are 
determined by variations ' in the enanations from the sun remains 
uncertain." 

"The chapters on Chenical Synthesis of New Materials and^ 

The Science of Macrotaolecules suggest that Chemists have the gifts 

"of wizards, --capable of creating In the laboratory any stable chemical 

Structure that can be Inagjiftd, Thi chemical properties of such 

newly synthesized materials are fairly predictable, but predictions 

of their physical properties are still somewhat chanpy. S^pprlse 

is still the order of the day. Nevertheless, a su^ficiertt basis 

of understanding has been established to suggest that synthetic ' 

chemistry will have an ever core productive future in tailoring 

. v " 

molecules to order for the diverse purposes of^n^^ 
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"\ recurtlng ch«ae in the chapters on basic science and on 
tectooXogy is the way in which the findings and the inscrucentation 
developed £a one area of science find application elsewhere," 

'*The first Ftv«-tear Outlook portrayed che aatmer in which the 
developoent of solid state physics and the'coaputer and cocauxfications 
industries have gone hand in hand, each stiaua,ating and aaking the 
other 'possible. A not dissiailap circuastance has existed in the 
field related to synthetic polycers and their various applications , 
in fibers and plastics." 

"As indicated in the chapter, Directions in Nutrition Research, 
auch of our current im(Jerstandin| pf the- functioning of. vitamin D 
is traceable Co decades of work on the stereochenisfry of organic 
laolccules, on the kinds of aolecular rearrangements occasioned by 
the absorption of light, and on the diverse physical instruaentation 
now eaploye'd to help decode the stijucture of molecules. Or note 
the stateaent in the chapter, On Some Major Huaan Diseases, describing 
the kaleidoscopic interchange of ideas from one research area tor 
another: 

*Who coald have predicted. .. that studies of the 
genetics of skm transplantation in mice would \ 
provide a principal (duetto understanding 
rheumatoid arteritis it^'n; that a variant 
in the structure of the sulfonaaides developed 
as antibacterial agents would make possible "^^^ 
oan^geaent of glaucooa of the eye, or th*t the 
combination of a viral infectfion and inappropriate • ' 
foraacion of an antibody to some structure on the ' ; 
surface of one's own cells could give rise to a 
_ • fanily of diverge diseases?'" , 
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"Such Intcrve^ingt occur no less in the physictl sciences tnd 
in the developcent of new technology. For cx*nple» the theory of 
plate tectonics provides a ceaningful framework for resource 
exploration of coosercially useful minerals and hydrocarbons. 
Yet ^is S"at new synthesis of geophysical.understanding .owes its 
creation to the curiosity of paleontologists about the shell struc- 
t«rcs"of alaQSt microscopic creatures found in cores drilled in the 
ocean floor, to painstaking surveys over the ocean floor to detect 
magnetic*^oUrities ia seabed rocks, to inquisitlveness about the ^ 
geography of the Hawaiian Islands, to matching ttt^lora and fauna 
ta different continental borders, to a tsaze of worV" Oa t^e properties 

of chemical isotopes, and to the imaginative application of that 

♦ * It * 

work to the dating of ancient rocks and sediments. , . , 

"It is an inspiring fact that laseJTs, invented out of the Insights 

afforded by quantum* physics, have spawned new arts and technologies. 

They enable ^ch more precise alignment of untold 'different physicaf 

arrangements, including tunnels build under riverbeds or drilled 

through mountains. Lasers are the basis for one approach to ^ 

controlled fusion, are used to repair damaged retinas, and are at 

the* heart Ctf the instrumentation which makes possible the detection 

of fleeting intermediates in chemical syntheses. They also are used 

to drive photochemical synthetic processed in the laboratory and 

may soon find similar commercial application." ' ^ 
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"la sua, the scteosific tncerprise will be s^en as arx cxcraor- 
diaarily dynamic systea. The praccicioners of each field successively 
attack la tncreaslngly sophisticated fashion the layer of questions 
rtsvealed by previous research. In'^the process^ ^they find;^ew surprises 
and unsuspected arrangements which generate oore'question as well as, 
core Opportunities for applications to hunan welfare." 

It is evident frota this survey that African science is a systen 

nth trenendous potential for expanded 'scientific productivity. The 

concerns and doubts addressed -in oy remarks tqday are associated' 

primarily with the ever-widening margins between Increasing costs ' 

of doing science and levels of funding made avail^le for this purpose. 

J " T^e^conference hjtld' at the Academy on (ktJ)ber 26 and 27. and your 

hearings, -;uhich viU undbObtedly extend over^dnto the next session, 

can begin the needed dialogue for addressing the uncertainties faced 

i ' ' . • ' 

by our scientific and technical enterprisi and offers to us the 

opportunity for bringing a greater measure of stability to the - • ' 

budgetary process. It is in that vein that I offer for your con- " 

sideratioft a series recommendations to aid in restoring an order- 

of* program stability and predictability to our national scientific* 

enterprise. It should go far .towards reaffirming our commitment 

to the policy that.^,c:ontinued sound investaents in fundamental 

-rtsearch by the .Federal government are essential to out .national 

goals. I presenc^ese reconmendation^ to assist in.establishing 

a- planning framework for your committee's consideration and 

further debace a^ you return next year, to th^ task at hand^ 
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I propose a cen-year conpact between gbvemnenc. Industry^ and 
uciversicles co escablish nev national goals for supper c of science 
as follows: ' 

(a) The basic scientific 'research budget for the Federal 
govemaent should increase each year at a rate that 
vould cover inflation 'and permit IZ or 21 real growth. 
This anniial rate of increase would respond to the need 
for stability and predictability in establishing long- 

* tena planning goals and also provide for the Intrinsic 
inflation in the costs of doing science a3 new cethods, 
and techniques energe. This might be considered the 
base progran for all scientific fields*^ < 

(h) *In addW<3n, another II annual increase would be 

* ' provided cb support special targets of opportunity 

in particular fields, or for areas of research related 
to particular national^^needs, and to provide supple- 
taentary funding to assist in meeting costs for such 
itens as essential instrumentation and plant facility 
needs* This category toay be considered a means of 
assigning high priority to certain fields in which 
ttoe pace of/discovery is particularly high and 
* significant* ^ . 
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Wichin present levels of prograo support, "^he scientific 
cocsun^cy and Che governacnc will cooperate co find 
ways of cransferriag funds froa cte less productive 
areas or institutions now supported by Federal research 
funds' to the. sore productive ones. Increased pro- 
ductivity could be accomplished by reducing indirect 
c&sts, reducing regulations and • improving efficiency 
through longer-term iWards.' A reasonable target 
should^have the result of increasing annual support 
by as such as 2X. 

A cocsaitoent iroa industry of IZ growth (i.e., about 
$50 aillion/year) on top of their present ^contribu- 
tion CO university research. 

To. assure continuation of adequate support of graduate 
education needj^n science and techt^ology, a cooperative 
partnership including government, industry and 
universities is proposed. Under such an arrangeaent: 
(1) The JJSF and the axssion agencies should support a ^|||^ 
coordinated prograo of national research fellowships ' 
and trainees)idps, with NSF providing support for an 
overall prograaW oerit, much along the lines of the 
current activity, /with mission agencies conplesenting 
Che NSF program by establishing fellowships chat - * 
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will encourage cmreers in areas where chere are 
knowp CO be special scientific and engineering 
^ manpower needs. Exaaples would include: 
toxicology (EPA) , combustion science and , 
engineering (Energy), and cocputer sciences and 
integrated circuits (DOD, NSF). 
(2) Industry should b6 encouraged to establish 
additional named fellowships in fields where 
the'ir needs are greatest. Selection of awardee^ 
who would be recipient of these fellowships could 
be managed in collaboration with a Federal agency, 
such as th« National Science Foundation or by an 
independent group that would administer the fellow- 
ship program to ensure a national competition of 

* 

merit. 

Such a compact between government, industry ar<L the universities 
ehcompassing the above initiatives could provide the commitment for 
assuring the stability, predictability' and real growth needed for a 
strong U.S. effort in scieAce anJi technology. It may seem to be an 
expensive program, but it need not be so, if some astute transfers 
are made fi^m development to research in the overall Federal research 
and developcent^budgec. 
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Ic would be ay recosgkgp^acloo, Mr. Chairaao* chac program 
responsibility for carrying ouc chese new iniciatives should be 
assigned as a tasjc co che Direccor, che Office of Science and Tech- 
nology Policy, especially wich regard co che lasc cvo icems^jj^^^ch 
would require close surveillance and exercise of a comprehensive 
overview. 

I end tay resarks by saying chac che approach X Kave recotcsended 
recognizes chat a scrong sciencific andNtechnological encerprise is 
closely and intrinsically bound cogecher witU*^a healchy sociecy and 
^strong econony. Ic also would reinforce our existing praccice of 
relying upon support of individual research ^rojeccs and a shared 
responsibllicy becween che public and ptivate sectors for the 
^gerfonsanc^ of fundanencal research. The pluraliscic nacure of 
chis inscicucional arrangement has given us a flexible syscea of 
research and developmenc' and has provided che incentives for 
individual excellence, 'I urge chat we concinue che basic syscem 
which has served us well over the pasc several decades, buc also 
introduce modif icacions and iaproveoencs chat che claes require. 
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APPENDKES TO STATEMENT 

PRESENTED BY 

* Dr. Prank Press 
Presidcoc 
National Acadcay of Sciences 



belore^he Cooaitte^^ on Science and Technology 
House of Represcncacives 



Dccenber XO.'^lSSi 



CONFERENCE ON THE FEDERAL RES^EARCH ^f. DEV^OKENT 
FOr'19§2 and future YEARS. Occober 26-27, 1581 - SUMMARY 

statement' of CONFERENCE CONSENSUS 

LIST OF CONFERENCE PARTICIPANTS 

BASIC RESEARCH QUESTIONS FOR WHICH SUPPORT IS DEE^^ED 
^ORTaS toIhE KEEDS of the COUNTRY AS IDENTIFIED BY 
PUBLIC OFFICIALS IN 1978 \^ 
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la bri«f, tftf ^ur;cs«s of tfte c«etin<; , htld Cctoier 26 and 27, 

4t th« .l4tioRal Ac4C«ay oi Sciences i.i Vjshin^ton, D.C., were to; 

* iniora^tion on ft<ltr«l budgetary plans 5oc FT 
^982 4n<l btyond, froa ;?o vtr.taeit officials dictctly conc«cn«<i 
With scitact policy ind wit>. civilian ,rts«arch and <l«vtlopa«nt 

* develop an mfcraed dialo<yue aaonc con*ecenct participants arid 
With ictcci cfficialjs abotit th« iapacts of the Pccsp«ctive 
red^Jctior.s ; 

e 

propose budgetary alterna-tives, for'.-T 1982 and for future 
7«ars; and, - . ' ' 

consider initiatXcic revie'ws oi the instit'sitional structures 
»nd procedures for supportiac research and develgpaent ia-the 
national labora.tcries and i;i t^e universities. 

Ourin; ^.is velccain^ reaar!^s to the conierees , * Dr . FranX Press, 
President the s^tional Acad«ay of Sciences, stressed that he had 
convened th* aeetxag because he beli'evea all ^ could benefit trca an 
iaioraed dialogue, and, secoiidly, that he did not vieu the conference 
IS the basis for canfronta tion\vith officials r«pr»s«ntift9 the 
depattaents and acencies. Zz\ Press also stressed .th4t he wa:? acting 
as a convenor of a nuaber of <«y officials in gov^rnnent ^^ith leaders 
in reseaftfh and developaent, ana that it was not a aaetini of the 
Acadeay* * 

Cn October 26, the conferees aet ^ith representatives froa six 
governaeatal dep^rtfien-ta and a^^ncies. A nuaber oi conference 
P*rticip4r.ts served as panelists for discussion. Cedents frcA the' 
rloor fcllowel eich panel presentation. Cn October 27 the conferees 
let in executive sess:cn, at wJiich tiae they adopted a ccnseas-as 
stateaeat. (The consensus statement and the list of participants are 
attache^. 1 

^ This suaaar^ first discusses t've current and prospective budget 
Plans, as preheated by the gov*caaen'tal r»presenta;:ives and as showa in 
the analysis i/ :r. -iilis Shapley, consultant ,to the AsetlCin 
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lap»cis — iaa«4i»t« 4id :«roR^ of ?tosp«ctiv« bud^ttary 
c«d«ct,ic2s. ;i2»all?,-lt c«?or^s on pcssliri* ir.vclvtstcixs by 

-?h« ?T 1952 ;z«s«r.c«d by Adatriistcaxiior. In XarcJi 1581 

<r»dac«d tiJ» totals propcstd *cr rtstarc^ and d«v«iopa«nt br t^« 
5?,«vi.ecs Adaiaistration , oa^ it g«n«rally lair.tair.ftd th« principles of 
iidtral crfspor.sibillty i^z ion^«:-*er"s c«5«acch and thost applied 
r«s«« rc,'»/a><^ d«v«lopa«at activities tJiat suppoct raco^niztd £«d«cal 
al«lQa«^^c^ *s naticaa,! stcuzity. Th« exc«ptior. in tn« SarcJi bud^tt 
to tJi«s» prlaciplts vai ch* sov«r« cftduction in su?poct lor basic 
c«s*arch in 't.l* social scitncts. How^vtr* in Stpteabtr* tl:« 
Aa.J»inistratloQ pcopcstd a lurtfitr ctduccioft tfl tJi« FY 1982 budget — 
t»i«"; so -caXi«d -12 p«rc«nt across th« boacd Cut.- That proposal vould 
y r«du*c« tn* 5^2.2 billicn of BCD appropriations ciq^i^st ot th« HaccJi 
' bad4j#t by $3.i billion 51. C billion froii th« D«parta«nt of Defense 
L (3<10-) aad ?2.i billion froa ail otJ:«r pco^caas. Cf th« %^7*2 bill-ion, 
] .a5toa& f.5.5 billion is ascribed to baiic r«s«arc!i ^and that amount would 
^ W'Vit by about 5600 aillton. 

1 *:n <:oRSt»nt t98C dollars aad'applyin^ 'tb« Adainistr aticn *s annual 
\ iatiatiori^'-cat» cf 9^ / pa-cc«nta<7« diff«r«nc« b«trf««n tn« 1980 bud^at 
and "tit « prppcstd, 3opte=b*r JJuC?«t is; :qp, frfS; ^lASA, *7::; CC£. -297.; 

U^?*'>-t7r--) HKS, M9J« (Klh, --13^;). Tor basic rtsaarch, tn« overall 

ic*d9ctloa is 11^1 . 

r pc«s«kz scticns ci t.^.e Ccngr«ss en tho 1982 ' appcoprla t ions 

t»aa«St.s call for redactions froa -.ho '^arcfI budgets cf l«*s«r 
. k«^nl^ad«, bVia? a rtduction of about 5^.0 biilicn froa total 3£D 
fuadir,? and ^a<»n fro^ t^.« DCO budget. WM1« soat ot^.«r reductions 
la>» b4*:i'aJi4» b? tb* appro^r istla« co:;aitt«ts. there Have also b«en 

... incr*a»«x,-tot«.Uln« about UOQ pillion. Th* Conjression.ai. actions 
3o* C05p''i»*ir> tb« c«v«ciiA'»nt is curr«ntl/ operating cn a ccntiauin? 

■ tWsaluticnV^apoVecing aceJtcies to expend at levels and rates consistent 
vtth 1^jS-\ appcdprlaUoRS levels. Tbe Adain^traticn , J:owever, bas 
fttrtUti t&struct4d acencie^ to expend at rates consistar.t ^ith tbe 
proposed S*pt«aber cevislons to tbe i532 bcd^at. tbe Adalnistra t ion 

■ -.aropCt*4jj-'to s^t' tb*se levels foraally tbroc^b tbe deferral process, and 
defjrra^ Se^tt«ts «»ce beibi sent to tbe Congress by the \dainistration 
'^S latei dctobfltr. Tb« resolution of tbe 193 2 appropriation " 
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WIS r«pr«s«a«<l- iy Or. G«or5« A. X«yvorth, <iir«ct:cc «f th« Oiflc« of 
Sc.«ac« tad .tchsclcgy rolicy, 2r. :?«<ltriclc Khtiouci, th« ' 

wific* of atna^.atat tad 5;:(i««t. Dc. Ktyvccth cautioned tgainst 
tssur^lag tn* vocst cafslt:* sctntrio' coRc«rnia« th« budgtt. tf« 
iad.ctttd t.^t h« f4lt thtc, ovtcall, sci«r.c« vts h«Xthy; th&t^ti:# 
Adainistrttibcj «o«ld sz-J.ll t4h«c« to t philosophy of supporting 
c«s«arch; that it vcuXd tt^t a aoc«' ccitlctl attitude tovtcd 
«'^cf:f*'n°? ^"iV^l^V «P«cidUy vh#rt tht civixitn stctoc sight b« 

^* «r*etac ttttntion nttdtd to pXt«d 

!L;^^:;;r!l!%*''\°' -•^•f-ch artts of aaxiaua proaist, vith tht 
tsscap.ior. thtt th«s« wou^d f supported. Saiattiniag ;:h« strength of 
top rtstarch aaiv^csitits, s^Tpportir.^ high quality cts^tcch, tfid 
r«poadiag to instruttatation n««cls aXl Urgtd by Dc. X^ywocth. 



is 
not 
th« 

to 

K..^^^. . ^ - w the usutX 

b«dg«t process sight f:av« to b« aicidgad ov«c these ytars, b«t that the 
;c*aevoc* fee restacch vould bt protected. He advanced tht aotioa that 
Tk'^'k P«rs«tcti7e th, iss«t was about a chaage in ratt of growth of 
the budget cathez t-.ar. absoluta reductions. Sc. XhadSuri assirtad 
.hat, ovecali, thara .as soce r'aaX growth in research; and that basic 
^« Vk* 1*:^ ^•^^ compared to deaoastration and sociaX prograas. 

One^should aot assuaa, hovtver, that thera can ba , or shouXl fca, aore 
and aore science support froa the goteraaent. scientific coaaunity 

couid help in raaXlccaticn . . ^ 

The research and davaiopa^nt laaders iroa ^ST, NASA, and tha 
Departaents o: Snargr and Haaith aad Huaan Serviced (N^XK) aada a nuaba- 

pcsin.s coacernin? the budget proposals, including that they ara 
us^ag different tactics to copa vith tha proposed raducticns. 

^^?^Hf^^-^?^*^^- Tha'^i^:, 'for axaapla, is attempting to 
Shield basic research in the aath^aatica^l, physical, and angicearirg 
scleaces to a greatar axtant thaa.soaa other araas bacausa o^ *he 

';??!^:;!l^ii'.r*5ci disciplines. Dr. John Slaughtar, - 

Oi.ecto. 0. tha SS.- , said that tha .national Sciaace Soard (KSS) and Icey 
HS. execu^ivas cacog-nize . JtSF's critical role in rasaarih and that la 
>.hls period of tight funding tha catalytic effact of SSF funding — * n 
prcapting funding by other agaaclas, industry, and, other private 
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sc«?c«s -.«^da 4t;:cci*.:.5*^. i.-ii' «a?t*sis. T)5t NS? Jill sypporc 
c«s**.rc^ ji.*. ^!:« social scz«-.c«s. tt* stit^aen-- c: t>.« HSa or. th« 

Farther* -.'.e ^S? las cc^s^is-iec, ts i>« concerned ab*;.ut 
s *irstrcs«r.titicn. ir.i has in intarageftcy ^ircap coss^iderls? ^ays to^. 

-siaplistic" fcraclis. scch ss ritics tfie existla«j. grants canewed to 
r.ev ca«s iszc^i. . ^ 

<, 

* now«/*r t^oa<;>icful t^«se ^ic-..es, -.here -fiU/ reaii'stlcally , S« 
sitjsif leant «ff*cts'or. Tic?,^i AC-,^ill? a^alldble ani t^.e nature oz ^ha't 
iS fir.i«<l,. icr example, ^ST's cas«, sc3<» 60 'percent af its ?=*nt 
aoa«y is icasitiec p*ro:»cts ^vin^; inot.'ier /tar oc aaze to run. 

crossir reducirs^;,. sttciiic prc?rirs, rather than ajplring 
■across'-tn«-tC4ri exits. *hich prc?raa ^o c<2t is a derivative or Stvesi. 
viAriatie5, Includir.? t.ne lcn?-tera ^ain'for sciecct, generally as* fo^^ 
exisple. the >>C0Ad Qain in astrcnoay premised iy -fie oriitin? later . , 
thia iec^ce d the Space telescope. Hans Xar<, 3epaty Uamistrator^ o£ 

* ^ASA, aade several ccssents aicut the had?et situation. It is or^T, 
partly* tree that Shuttle' costs ar« reducing fandm? for science, .here 
4-e jr-evere pcohl^ss'df inilatisn, exacecbited hy the lack cf technical 
cr»*tsa«ft t-fi S;^Llied -crUrs, affectm? not only t>.e Shuttle but a^^ 
4*to«pace procucere'st, e.?., Atlas Centaur launch vehicles. nSk 
recocnises t^4t srocureaent a-.d d«veIo?aent costs associated «ith the 
Shuttle osscjre ether elements cr the budget iad has sought ahd 

t received fro* OSr aa a<;ree3ent that the Shuttle be budgeted separately 
f-oa f.e rest oi :^e agency's pr«gra3s.^ ^ ♦ * ^ 

^<-. Sa<:a has to*li C:iS that It cannot ope"rite* » planetary prcgraa vlth 
o-lv ere project esch secAde, ar.d tn'at this activity .should be ^ 
3uppcrtid properly or not at all. Other researo^ sisslons, ^-J-' - 
aerondtrtics research, are beihP -/iewed ma smilar fashion. 3ark sa.d, 
that he anc Accmlst rater Bfj^s ^^^^.t the adv;.ce of the scien.*^-.c 



coaajnity. ."ith regard to cooperative missions, such 
rol*r ^IiftSion, It was di55ic>;;t -.c generate diplo-atic ' s.ftce 

^>the i.?la^iir rc".t»xt ^an/ agreeser^ts are ^•<'f*';«^/-*::::*:.;r , 
, J.ited-S-.ates ncr by the Europeans. iiar< ^^^'^^^ « -'^^if^r^^^^ 



loosing support ;pr pr;:;««i^5 ^ — "•""-V -^-r^r.- t-'n'ng the 

national Oceanic Satellite Systen,-ar.c the entice*. i "^-^.^ 
h?g? public interest m Space :nto political and tudget;ir/ s..eng... fo. 
^he prograa. ♦ 

?^;.::.i^^i^.^.^J^^^^<i^^::^ tjI^^rir-a'icn'lo'aLlLh 
co=.plicated t-.e antcunced plan 'i^^ec^^^ 
d«pa5tner.t. r>here,are no lejisions A?'^ -i^-' ' 
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isl?fe-tstr?y physics ?ro<;ri5s. " -^^^^^ 



scttncts, and tht 



rJii l^^ll^l jivisory Hoard his b^gun to i<oK »t fufJci 

col«$ of tilt ndt.lc^4«. lai;oratori*s. ^CS recognlzts t»t-- vin^ v.^S^ m * 

fatcrt of th4 Otpartatn;; art ^rtfvtrar J:tab»'ti;i^ tnt.aiilitr of . 



■dvtrd 2ciodt, A*«litAat 
tuatlon at SIH, said tJut Jjt 




:? r?^^^?'^^'"^' or rtductd funding 

,^ vould 45f«c: baaii blcatdical rts*arch. Cvtr stvtcai yta-s t»i6 ianl^* 
- ^cf rtd.ced bud^tts ccoid b. street aac tftf currtaj goj o^'sooo aiv"^ 
b«r:^«''.r*' off.r^d^no solutions: t>,r 

^•par.atnt is not planaiac f>or drastic tt^ponsts-to tht ?rcp^%«d budcet 

- nJl^l'i::''.:-"" •r^^^*^^-^^^^ I^XH:iastitaWj>.causrorth^^^^^ 
iiX«U.1ood 't.lat s^cb •& st9p wouis bt sustair.ed. . .» 

*' , • . • - • ^ , 

' ??!!n" r v:M^^! : ^ ^f^*' ^f'^^ ' crcss-a^tncy ptrsptctiTt, th#c4 is 

:::;:! -'C*ff^^*- r-*^ ttdu<ftJ,oas ia-tasiV rtsearcn funding vill bt ' 
' r;;^:;^^'^:^ !^ ""^V^rl i^'<=^^"«s ^OD.funding: for basic' 

ao^« ntay^^y, tltt ^•'f^^lWl^^^'^i coftst^iai^.^rt spend-inc tiiat :0D aou 
«ish« to rtccup.,;rcc ia^iasJs viU b. ^crutihL.d ton^r;sL 

^^^^"^ r^starch undtr tJi« coairintd pressure, of 
«"i^:!t:Tl:?" "^f^^^-^ wutn.of t^t OOO budget and ft^v 

oc, iat«csifi*d d«vtiopat^»fS)Fo«r4as will b« diff4.cult. ' . 

It ^as r.ot%d t>.3t «f;etts of tht costs txttad net cnlr to *>Tt 

ian.diatt Plans cf th* ;ar«tr, =ort visibU-?.^: a.tnci«, jut aa/ ^t - 

sropostd SO ;trstr.t redaction in H?A's rVsterc.^ budceJ; a ll ctrcirt * 
cut ir. ICAA'5 budg.tv aad^c fortb. A da'ag*r is t.^^at la ;J"t- -o 
restort .uadir.g 'cr ti5t ac-rt proaiatnt "rts-tarcb agtncits uhat those ^ • 
severe cuts in the saall.r, less visible ag.ncitsaay bt sustainel / 

Zt rfas also acted that'sorat restkrch i/" the rtsalt o-* 
X -Pig^y^ac^ia^- anc say lost t/.rough vjiatVstta, on *f*£rst ordtr, to ^t"" 
'f^VllTr'' Pi<;r/bacicin5 is particularly luusL'a •d U 

the social sciences V ^tac^.^a^^^^i^^S^rs^is , econc'aists in assembling 
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scciil science research 



es i«c* rtdac«; in sec 



:a.r. 



,.t >- o^fpc-s iilresse<i of 

conferees are 




I*"* •^-•-•A'^r *ts basic research cca?cn«ii,/ is no^. 

^,1.'.- f.-^, tr.^r.e sondy ir.v«st*i is nev i^-OyC... .ac^.---^5 

* ' --'^-ab'y -lien. In any casa , t.,e 

ir-.-^e'^.S. ;osi--ior. vis a vis -urc^ea.-. latisns »r.d -a?^.-.. 
-.e cor-iaier.ee did r.ct s^.r«- vie^ 

:n; ill ^^'t^^io^^^^h 

^*!!^::'•-:5c-:*^:/l^;Ic«sslve -sea: years, is conservatism in ; 
rcrtrtr -'^^^ J:^^!":".*., . .r^Ke^ operations rsay io teeter; naw 
fi'i:<lin<; «y-er.c;«i ^ ' "Z: . cl- . It is a i.isconc€f t icr. z4 saV 

People -111 be i*-:i^<2 ''^V*: '''T^iv a iew years car. <:^.er. " 

--4- ir.'«s-.i^a--c:s .hcs* runim?; is sKi7<.^^ a r 

cc3e,bacx. 




So«« «5«ncl*s i5T virt.* of fh»4r aisiloEis ir« 5ore vulnerable to 
«rr«2t 4z<l fuv«« r«;ucc^or.s. For •-cis?i#, Hsr. vith aost Lzt aocey 
-Jii!''^^; ::f r*"-*' J»4s-less 'flexibility ir. responding to cuts tJiaa 
4o«« •as, >«iiic!i ccaiucts a =ort hettccceaecus research prc^ras, ose 
t-at isclades act only iasic sci«=c« Jiut ^Iso ievelcpaer.t s-d 
deaoostrttioR pro^rass. •'iile tliere is greater flexibilitr in sose 
a^tccies, t^ere are klso jreat press^^res to continue investasnts In 
.ac?e ijcale deaoastca- ion plants. These pressures ia'evitafcli 
, affect those agencies supporting lon?ec-tera research. 

Soie at the conference stressed the multiplier effects of budget 
cuts, statin? t>.at t.-ie systea vas in aar.y m^ts tact, that saail 
chaa^es, ip cr icvtT/ in funding had pronounced is pacts on all aspects 
0^ research/ finding for procur«seat/ manpower and training, md so on. 

2 i aia;g:^ fi£^i:lsmil£ .» nd The Ee searc^ Sv sta^. 3 a sac e is done by the 
^-ssatcJtes" b<t#eec :ije dynaaics «f ^cvecaaeat actions and the t*ae 
constants of th4 research systea. ^G^vecnaent budgets chan?e 
drastically, in aaouats and vithin aonths. The b^tc reseacc."- systea 
5en«rally operates in ccj^siierably loR(;er'^iae fraaes, typically 
sereril years; that is, the. tiae needed to conduct aa experimental 
ftrocraa, to construe-. I'ar^e iaciiicies, tc develop research teaas that 
can yock haraocicasly and ef f ect^ively, foe a Graduate student to 
coap^ete a thesis, Vhen aisaatCies occur between the tiaia? of budget 
reductions or redistriiutioas and those tiae constants of research, the 
e..ect5 can be serere m sucX costs lost/ in inccapleted theses, 
aborted carreers in science and engineering. The aa^ority df research 




aagaif i-ed effects, m research productivity and la tiae lest. 



lliia* Instrusentatioa of research universities is now in 
,rcite bad 'shape, with apparently no laaediate prospects £cz relief." 
St'cdents are usin? obsolescent equipaent. The first of several efforts- 
over the coEia? years intended tc reduce this problea, a 575 aiUion 
request by the .SSt, vas deleted in the Sarch badpet. An interagency 
effort tc share tne burden of icstruaentaticn ft;r.din? hsfe pr^djced an 
acreeeent aaonc deCartaent and agencies that the Ins^ruaentation 
prcales is serious > bet, seca-use of fundln? pressure, the cutcose 
any proposed budgetary ir.itiatiTt is ij doubt, 

iiai^wi;. The decline in the nusoer of Ph.O's m ph-^sics i? 
syaproaatic of difficulties in the research systea, plven that, at t*c 
5racuate level, training ans education coaainjle rfith basic research. 
Despite a rough fcublinft of,tne Z^? (i372 dollars) since I9<j and a 
sabstaatial i::cr»asa in the .cr'cin? ace population, the nuarer of ?h.D, 
pracu*ates in physics .ill decline in the near future to pre-sp.:tni< 
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^ri-.ts -ill re z^^zzei sai:s':^.^.^la 11/ . ioreovisi/ ^i:€ 
governse^t ^.«s -C' tc cope ^i^'^'t.-.* alreaci e/ide::t decline ir. t^e 
aaa^-er or p^/siciaas tnir.ir.? ioc a :4Sic o: cliiicil research career, 
(lol*: Uwf'o.e conier^ac^x t-e '^sr fells. sJii? su;?oc^ prc^raxs -*ere 



*rTitSTl"r^34ticnri,:a.c = itcr,ies. Given lutare ^lans^, r''-^..... 
Uicratcrtes Sax vi:--ually iissantled 57 jreat^r rexiuced. -n.^a«^ 
ca5%5lUtits say b* isrevtrsiily daaagec; t^.-Sy ^l:e lisaant-in? 
;rc<;rt3s In ?lar.4-.2r/ science sar iapcvens?: ^.^e Jet .-rcpu sicn 
laicratorr. *ve:: tJicu^h J?l ^as ta^7J:t t^e .crld a .esson in quali-/ 
ccc^=o' . -T^e rcle the r.Aticr.al liworatories ::«eds exaalnation, 
iacladir.7 ttie nature an^ ^uali-.y of tneir tasic research t>.st -s done 
4ad tneir rtlaticns vith the rtsearc^. universities. » 



stsearci; iasic --prH ir. the, natural 



rial, ar.d en?ineer'ih? 



sci*ic«s-- is tn« ccur.trv's 3a;Qr' in:vest?ent ir, the future vise of its 
'^}i< rtscurcts, i'cst .iir«ctl/ m ?rov:.din? fertile <;rour.d foi^new 
•*ffHnQ'cG-es •-.a" aislif: the valoe cf increasingly re^trit;.ed 
:!s;;uc«s -Ithcut Ide^iate ir.v^taents in mtellecx-ial capital, there 
l&r be conti-.tm: erosion it: the ccur,trys abilit.1' to cospe.e 



^ , . The real ^rovt^ cf U.S. funding of^ 

van-^ear-?ericd nas teer. less than that of Japan / 



mtertationil-y 1" -.i;h tecnnc.ccy 
hasic reseirr^ over a van-?ear-?er_- , 
;est Uz^^r.:. ant Franc*, Data on e^^enaitcres 



de/elcpaent in tte industrial comtrias, s-c. as tho^rav^^n ta.. ed ... 
--'*»-ce -rliiiiais^ cited, and s^j?cr:ec -ith :irst-hand 

!^f!rtS*trtZ^:o-,h ind.strr and jca ie^ .pa : t icipan ts . Severa. 
;;nr-;r;es stressed tnat f.t.re interr-aticnal c.^P^titi.eness required 
.ore. net l^ss, investment m research h/, the ;overnjent and h / ^ 
industry. A contm-ed ^low of trained manpower rcr i..dus..y ^n. 



diversities req^ir«s 



stron; 



There src.li ie collaboration het-een :o7ern-.ent, the ^n/e s ..es. 
ano irdistry: hcever, attitudmal chances ere '-^^^^s^;^, / -^:!,, 
-i7orabl.« spirit zz collic<iration . >e tax :ieasures recent-/ er.ac.ed 

-e'p, islt, ->.en ccnsii^rinc hoth joverh'sent and industry 
'-vas-ae-, 1- s.-O'uli ie .te?t m tind that the proportion cf t .e 
:;'Ionl! 'Resources teln. ^crect^ei to 2i2 is ieclxninc m the Cnitecl 
States i-j.co=parison to ^o-^ other industrial nations. ■ 
-•II- cnships of tte hvld;»t actions to defense ar.d nationa. f^^Jy^-t ' 
:::: " co:cer. to the ccnf.rees. The ^ = ;f-:,T^^^!r^V^^ i;:^,^ 
= si<irets in hasir researr-. on nanpc-er ivai.abi..-: a.,d .he s,e.e.a- 
^norfled^e hase on tre\ati3S .ill be prcnicnced. ; ; 



erIc ..... . 
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Ind^s^rr cc4?:e* iirectlv -o z-.q iaslc r^s«arc^ sysw? " --s 




n*v* C4?*city tc stttstitut* for t.\e ^ovecnaeat's his-.ozicai role ^2 
:i« suppers of sasic :9s«4rch. is 4 aiscoscpptior. to t«'i«y« that* 

scai* of c>.4r.7«s l:*in<; proposed ^r. t.^.e f«d«rti fandiag win be 
?«^^!ir fl'! caapusts or i= its ova laboratories. 

.a...er, .t saoald te <«pt m aind that iadustcj vii: likeir focus its 
. iacr«as«d support or r«s«acc^. la universities orf a *«v fields or 
,i$cip^i.2es/ sue.*; as electronics a^d ^eolo^y. 

DiCISICSS: 'IITYO'^rXG THE SCT CO^-UNIT^ 

As a ?irst principle, t>ie ccr:ferees agreed that serecal years o£ 
reduct.cns i= iasic research funding '^ill Se daaa^m?. Hoveier, <;iven 

C7eri^. cud^e-.ary red-actions viil occur in ?r 1932 , the issue Is 
.0^ to =ana<;e h^d^et redistributions sc as to protect the hasic 
research srstea. J% 

\ auarer of t^.e attendees at the ccarerence asserted that a process 
cr dialc^jue -eeded to he restored to t^e budget process. The root 
issue is participation tf the scientific coaau.iity itselr in the 
decision? that are sale; A ae&sur* oi cue process is aeeded. 3«xria? 
"Chat, «e Will ^et second-rate science, second-rate technolc?-/, 
ieccse a secoac-rate Jorld po-.-er, said one participant. The'prohies -c 
ce .aced, it vas noted, is that the research srstea is nov entering a 
ae-rati/e ?rc^th cycle, tiou can ^e see to productivity in research *^ a 
Period of csrtsalc negative ^rovth' 



.here is acair. a aisaatch prohlea: -etvee.i the da/-tc-dav, o'-e* 
crisis eavironsf-^t cf ;ov^e rnaental decision aa^in^ ar.c the ahiiitv 0^ 
' the scien-Lzic ccaaunity to tohilire and to Prepare consentient ' 
ad7.ce. -hatever the difficulties advice and jud;=ents — on ^'-e 
quality d prs^rass, relative importance of aifferent -le^d* and 
iw*^5uhsets iithir. fields, and so forth — ire critical. Mi^SA. 'or 
^«xa^^ple,. seeds ad'/ice political iad sciehti^lc — as to vhat sort ci 

vood 

PS 



^ ::««(is a-vic4 — political aad sciehtiflc — as to vhat so- 
- isstltut.icn it shcu;^ he. Other agencies, sn:ch as, :0E, icn't have 

StaridardS as'.tc vhat to scpport. Tor exaaple, .tov aanv fellovships 
^'sho«2l& t-here he *rjd i.**. ^hlch fields' * * , ' 
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I 




r.v2r«r cf "jCii-.^ 5-.,c:er.ts iccey-.ai . z^i^l': ?o^it. = -.s ci.*r?>., 

yirc'^isei. -^:oz experiments, s= or., .ces 

S«T*rr.--«r,t, rcr «xit?le, :e-*ve -a-, "crisis suc^etii;. sl^:.^^ -c 
•St zius^c 2.:;^-: .ss.es ir/Se^^e2.^r^_^;^l -«ccr rc: seven. 

Ir 411, w.-an is -.««iec Is iT^i-.r^ACti/Y continuing *xchar.^e 
a^Jc^pL^rtn.t .0. exists. As . corc:i.ry\^ther. 

.c:*-br^t* :crc«- r.ethcds. *xe:.?le. c^n f^r.4s s*t as to 

?=Q>ric;Aicr t«z5ir.atlor. o: grants, vnich. ^r.JLle s:ia-. m aacun . . wculs. , 
l«ss«^^» iislccaticr.s cr i trar.si-.icr, , v>:er. it occurs, fro-a -i.. 
finding no 'iuiidin?' 



As tc tactics. cr.t vay -.o cor.s^rve f^r.ds for Sasic researcri, 
-o'«c- tn« tnttrprise, say be to co'.iJir.e t*-* ^o/ernaer.^'s retreat ..o- 
:;v;!c ^iilt and d..cnstratio. programs - t.ose 
s*czcr sr.culd do, txc^ptL-ij tr.cs* t-at are so costly 
5:icn ^s i-sic3, csat islustry cannot stippcrt — -itJ: iac.eased 

f^adia^ for casic r«s«arcr. . 



\ 
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STATEHEMT 

?ht conf«r«nc« on rt'starch and d«vtlopa«ot was a ateting on 
October 26-27, of about 100 university officials, 

laboratory dirtctors. Industrial rtsearch ex^ecutUts, scUntlsts 
and tn<jlnttrs, and Individuals «xptrlenc«d Ic public policy, who 
v«rt drawn to^tthtr at tht Invitation of Dr. Frank Prtss, 
Prtsldtnt, national Acad«»y of Scltncts. Tbt conffr««s aet to 
discuss th« tapact of tht prosptctivt budgtt rtductions propostd 
^by tb« Adolnlstratlon upon tht iTatlon's scltntlfic rtstarch 
tJipabiritlts. Officials of tht Administration discussed their 
proposals wlth^'tht group. Obstrvtrs fron tht staffs of the 
Congress and the prtss w«r% prestnt. The conftrtes reached 
constnsus on tht following: ^ i 

o- Tht probltas of the tconoay - inflation, hl^ inttre»t 
rattS/ Industrial stagnation - bavt troded res«arch and. 
devtlbpaent jqst as they have lapacted other sectors ofour 
society. The participants in the conference understand that 
the natign aust pass through a period of restraint In public 
expend i^CfS."- Tet the proposed reductions In the 
Presi^^dent*s September or Fall Budget will do Irreversible 
d«aag« uMess longer tera research, in contrast to 
developoent and dtaonstrat Ion, Is protected. 

0 It Is the view af tht conference that continued sound 
lnv«4taents In research and developaent by the Federal 
^ Governaent art essential to our national goals, including 
public welfare, a strong national security, and a ttntwal of 
growth In productivity. Much of our tcononic growth ovtr" 
tht l^st thrte decades Is directly attrlbutablt to research ^ 
and developoent that has been supported by botji governaent 
and Industry and even earlier Investments In research. 
Because of the laportant relationship betwten research, 
technology and Increased productivity, the expressed goa^s 
, of this Adainlstrat ion for a strong econooy and laprovfd 
- national security deaand aore, rather than less InvtstjOtnt 
In basic research. Turthtraore, the intrinsic relation 
between the perforaance of basic research and the training 
of scientists and engineers aakes continuing strong support 
necfss-ary to prevent futPre critical personnel short*g*s. 
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within th« cjrrtnt support by th. govrna.fft of ccs.arch and 
developaunt, nearly $40 billion. Itss thaa 15% represents 
&«sic scUntific and engineering research. Support of 
scientific research is a public expenditure froa which *11 
sectors cf'soclety benef^lt. Basic science is a l^ong-t.ra 
inTesta^nt. and impends on go^erniaent support. There are no 
significant sources of support for such a collective benefit 
which can replace the federal Covernnf nt. , 

instability 3ftd' abrupt ci>«nges iri funding- have severe 

• 'feetst research t^aas art bro)cen up; investments in- • 

• ipertaeat^s involrin9 U?9t facilities suc^ as accelerators, 
spacecraft, oceanographlc vessels and other Ustru^ertts are 
poorly used. The continued flow of new re.searcfets into 
our IndustriajL *nd university laboratories is best 
aalnt^ined ^ their stable ^nd continued participation in 
unlTersity bas*d graduate research. 

aecaase of low investments in research over a decade and 
high inflation, siany fields of science are n<y'w especially 
'sensitive to decreases or Increase? In funding. The 
conference urges that ihe ^^vernaent plan carefully for the 
suo6oct 0* the natural sciences, etigineerlng sciences and 
social sciences, and ?roted*^iuch plans fron abrupt change. 

tn the March bodget rfi^.sions the Administration recognised 
the General? long acce^e^ principles of the Federal role in 
iupport of, research and "development. There is spec.al 
concern for defense and renewed growth la productivity. 

-he proposed reductions In the President's Tall Budget 
Pcograa. would establish an^^vera 1 1- pe rcentage cut n all .he 
.va-ioas budgetary accounts: The conference strongly 
cecoomentfs instead that the Adal ni st rat Idn and Congress 
should: 

^ t 

View research and developnent across the enti.-^e 
'qovernsent, aa<lng budgetary adjostnients or 
reductions that oaintaln the basic sciences by 
reallocating funds between research and 
deve lopnent ; 

- 'nstruct Oepartn»eJ?ts and Agencies to maintain ^ 
''the strength of science m agency budget 
allocattorsj 
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' Dlc«ct 1 lirg^r pirt of th« lncr««t«d budget for 
national security to th« funding of basic r«t«arch 
that Is «ss«ntlal to th« aalnt«nanc« of that 
security; 

« 

- R«C09nis« that th« scientific base of the nation 
has suffered a decade of little or no growth and 

" aust be strengthened In order to nalntaln 
coapetence^ In the nation's laboratories; 

--•Recognise that education In the sciences Is ' 
inextricably llniced to research and continue 
graduate "studei\t support through research grants , 
f ellovstiip s, and tr a inee ships 7 

- Xecognlre the need' to revitalize the 
Instruaehtat Ion and faclllt^y base on which future 
sclentlf Ic and technoldg leal advanc^e depends. 

These principles should be. applied to the budget for 1982 
and beyond , ^ • * " * 

A auch strengthened aechanlsa Is needed through which the 
scientific and englnee):lng coanunltles advise on resource « 
allocations and analyse the lapacts and benefits x>f various 
shorter tera and longer tera budget strategies for 
gp^ernnent Investment In research and developaent. 

It Is tlaely to Initiate art" analysis and evalua'tlon of the 
Institutional systea. for the support of research and 
developneht Including the distribution of resources, the 
continued need for soae facilities, grant aechanisms, etc. 
There should be Input Into this review froa the scientific 
and engineering coaaunitlcs In universities, the national 
laboratories and Industry. Further , y review aust loQJc across 
Departments and Agencies to achieve the ao s t> produc t Ive 
allocation of resources. 

The strength of Ihe nation depends on the continued supp^ly 
of scientists tnd engineers. A large nuaber of the best 
young pedple aust be attracted Into these disciplines for 
careers in industry, the governaent*^ and universities. 
Polic.ies at all levels of governnent to Insure the continued 
flow bf scientists and engineers aust be developed. The 
education of the nation's youth it} scie'nce and engineering 
requires priority attention not only by the federal 
Governnent, but also by citizens and officials at the state 
and local levels and also by the private eector. 

The growing relation batween universities and industry are 
laudible and' the nation can only benefit frcjr these 
partnerships. Tet such a relation cannr»> becoae a 
substitute for the strong governaenfuniversity partnership 
ih support of bas^c research which now e^-lsts. Th'' 
iadostrial aeabers of the conference strongly suppoit the 
continued investaent in basic resealrch by tr.« gove : ttent * 
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BASIC RESEARCH QUESTIONS 
FOR WHICH SUPPORT IS DEEMED IMPORTANT 
TO THE NEEDS OF THE COUNTRY 
AS 

IDENTIFIED 8Y PUBLIC OFFICIALS 
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Astroncffly jrnd As trpph ysks \ 
What is the'nature of the universe? 

How did It originate? Is it expanding, 'contracting or in 
4 Steady state? How large and how old is it? 

Is there intell i^entjlife elsewhere in the universe? 

' li'hat are the natter and energy mechanisms of stars -- 
quasars* pulsars* black holes? 

A. 

li'hat IS the nature of i solar flare"^ How is the energy stored 
and how is it released? 

How do planets evolve ind what are the coonon processes 
tha^ shape the enviroa-iftnts of the Carth and the planets? 

How does the (material -perviding the universe collect to ^orm 
cojnplex organic molecules, stars, and»gi^axies? Research in 
this area can provide increased understanding of fundamental 
natural laws and the origins of the universe. 
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What is \hQ nature of intell igence? - • 

How do we think? 

What are the fndivfdual and cuoulatiVe effects of governtnent«#f*gir-' 
lation on domestic productivity? -This research will provide 
sound technical basis for^assessinf the benefits jnd cost of 
proposed, as ^^)] as existing, governinent regulations. 

'•"(bat are the factors contolljng cognitive development? For 
example, !■ w can the large nunber of cocponent processes involved 
>n reading jnd understanding a paragraph be charicterized? Research 
on this question should provide new knowledge on>4he pi^dcesses 
involved in reading and co.nprchending text. Such work impor- 
tant in providing a basis for improving the techniques for teaching 
# • people to read and comprehend. 
« . 

V.*hat are the rec^^anisms responsible for sensory* signal processing, 
neural merbrane phenomena, and distinct che-^ical operations of 
nerve junctions' Research in these areas' will extend knowledge 
of perception, behavior, and the chemical functioning of the nei vous 

rthat''are the_ factors soc'-al, Economic, poli.t^'cil, and cuUurj^l 
wnich3Cvern' popDlatiQn growth' High population growth rites in 
the de>^oping countries mpostf an economic burde'n \.hich too often 
exce*d th>v^)n$ mide by development. Social and biomedical - 
jrtj^tMich on >,ifj, fefficacious, and culturally acceptable contia- 
ceptue's i.ould^^er^fore be of great benefit. 



100 



Biology and Hicrobiology * i?- «^ 

Can we discovcr-;3»jti.^ajral agents to combat vjral diseases? 
. The develop.nent'ofsuch drugs wotild have as large an effect 
on minkind as did the discovery of iptibiolics. 

What are the mechanisms by whictt cells repair damige to ttheir 
genetic material? This information will provide i better , 
understanding of how the cells minmiie mutations a$ ~i r^ult 
of nonnal 4nd imposed environn^ental stress. ♦ 

How do cells change during growth and development? Advances 
ahd understanding in this are* should provide insights into 
the dcveloproent of cell special uition and, perhaps, the aging 
process, 

l^at are the molecular mechanisms by which genes are regulated 
to produce specialized products, an^what new information is 
required to exploit the new ONA recombinant technology? This 
work may lead to >fflproved Knowledge of gene iction.^ 



Can microbiological research develop organises which can convert 
crude organic materia>s, such as cordon cellulose, into livestock 
feed? Tht-i^ility to convert coiw-^iCKi 'cellulose to feed -stock 
would signifyb^ntly increase the availability of hjgh-grade 
animal protein t^»r human consumption, \ 

What predisposing facWs govern cellular di fferentiat ion and function 
in plants- and dnimals?^HCcessful roseaich directed to^.-ards this ^ 
questioiT can provide an understanding in plarits of fact9rs responsi- 
ble for drought to>erance an^yinter haidi/ioss and^in anim^Js ^he 
r^ich^nisms govGtning the''dQvel&p?rj<nl of fat and lean tissue. 

What are the mechanisms by which hor^i^l substances regulate gro.xth 
and.j*e?roduction in plants and animals? ^^swers to this vital ques- 
tion couU help solve many perplexing probTCTS. e.g.. conception ^ 
and embryonic mortality in animals and control of post-harvest 
)T^ening of fruits and vegetables. \ 

In our e/o-system affecting man and animals. hovAdo microorganisms 
gain resistance to antimicrobial drugs and what mechanisms affect ; 
the maintenance and transfer of such resistance? Research to provide 
an understanding Of bacterial resistance to drug^ uSed in ^^eir 
control is essential for the protection of human and\anifTtal health. 
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Arc '^•chanis.T^s within* bod/ cells which provide inir^unity 
to disease? Research ^bn how ceU -fnedi/ted icnunity 



engthens 
nore adequately 



and relates to other itnoyn mechaa,isns is needed 
protect hurrjans and*%nim4Vs from disease,' 

Hew can gene^c inprovenent^ of crops for improved performance 
under stress conditions be accelerated? Research is needed to 
Identify, ppre rapidly, useful gene sources for increasing 
photosynthetic efficiency ami res istance ,to environf^ental 
stress. 



he physic 



What are the p^sical and bioche.Tiic'al factors associated with 
secondary cafrtbiXdifferentiation? The secondary cambium of a 
tree divides to fonif identical cells which are capable x>f becomna. 
ei.her phloem or xylem cells. "Studies at the fiorth Central 
UperifDeat Station are directed toward identifyiirg the physical 
'^^^S'l/"^ biochemical signals which direct carr-biaT developrnent 
-3nd differentiation. Sijch inforination will provide essential 
^ clues on the fonr,dtion of wood. 

• How^can utilization of the forest I'esource be enhanced through 
franipulations at the level of the pT^nt cell, and throug?^ single-cell 
biodegradation? Tree cells can be stimulated to produce oleoresins 
natural biocides, specific cirbohidrates , and Organic acids., 
Cell wphology such/ as fibqr length Cin be altered to affect paper 
properties. Single/.cell protein, hydrocarbons, ^acids, vUamins 
steroids, and alcohbls can be produced through biodegradation ' ' 
of tree components. 

Can ti^e TiKrcbiology of the gastrointestinal tr5ct of nan and animals 
be ^controlled? Res^-ar^h on th|i -inportant question )s needed to 
^noersland the contribution of microbial activity to general health 
and Its ^fect upon ni/tnent utilization. 

What are the quantitative differences between mtnimura human 
requirenients for nutrients and those ar.ounts needed for optimum 
physical, behavioral and mental functions? Research in this area 
will contntjuste to the attainment of rraxinum physical fitness 
and ^longer, i:;ore vigorous, productive life. 
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Co<nbustion u <jfdey tftan recorded history, yet it is poorly 
understood in, ^ientitic terms. It is important that better 
understanding ie achfeved for all aspects of combustion, in 
order that ougfosslj fuels can be used with rvixinua efficiency 
and rainimua averse ^impact on the envirorwient. 

To what cxteox C3n iaser- induced chemistry be used as a practical, 
synthetic tptfl? Research in this area could lead to processes 
*for preparin® pure Jprodjucts with a low energy input and low 
environnientM iid^effects^ 

) • 

For fMny applications, solar energy is impractical because sunsh ine 
IS interm^^ent, Snd energy storage is wasteful and expensive. 
Basic rese«*ch i^ needed to develop ways in which sunlight can 
produce ilfrable/ fuels. 'One possibility is toThimic but improve 
on'PhotosjSthetl^ processes-; with emphasis on increased efficiency 
and products sioipl cr than carbohydrates. Another approach is the 
use of sunlight' to promote reactions which decompose vtater to 
hydrogenjlnd oxygen. 

The Mquffaction of coal is currently done by converting the complex 
coal str^ctureUo simple molecules, then re-combining these into ap^- 
propria^ fuel.it. The process is capital intens'fve and energy 
wasteful. Research is nteded on means to transform the coal into 
useful ^liquid'fuels by a POre direct route. This will, involve ^ 
much gfjbater insight into the structure of coal and its reactions V 
dur/nglthe transformation process. 

HoC doCcatalysts work? Research on this question can lead to more 
ocono^Tcal ways to produce hydrogen and to convert coal to useful 
liquids and gases. 

What Is the chemical basis of life? Where and how did it originate? 
4s a'larbon-based chemistry a prerequisite for lifej Does gravity 
play 'a sigrtfficant role in the development and maintenance of life. 

lean siJftple Chemical reactions be discovered that will generate 
vis{{>le ridiation? -The results of research on this question may 
lead' to inexpensive lasers for communication and industrial uses. 

Can new homogeneous catalysts be prepared that will catalyze _ 
chenjical processes important to the chemical industry? Research in 
th\i ir^ea'jcould make it possible to make specific "^lecules needed 
in Industrial processing techniques with minimum energy expenditure 
an<;l withoH the creation of unwanted :ffnolecules that may pollute the 
enVironme'pt. 

HOW do en^s work? This research should help discover how enzymes 
' selectively cataly2e and control the chemical reactions carried 
out by living systems. The results of th s research should extend 
knowledge on how to^ynthesize molecules in Jiving,cells. 

What mechanis.is Qf hcrbicvdal action, at the celluUrJevel , 
ari-r«POnsible for weed-killing effectiveness' Understanding 
these mecKimn^ is essentul to ioprc^fng technologies for 
reducing the S^billion ar >j3l crop ].osse* cau:>^d by weeds, 

to what degree can convei.tional cfffnical pesticides be replaced 
by novel che^iicals such 4S pheroc^aes and <nsect growth regulators 
for forest insect pest suppression? Developmcrt of such chemicils 
would pro/ide means of protecting the timber ro.ource with minimal 
adverse environmental effects. 
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gjrth. Oceans '>"d^t mojj)hgjM^^^ 



At what rite will atnosphjric carbon dioxide concentrations 
increase as a resul^ of increased use of fossil fuels? What 
effect will ingreasing carbon dioxide levels have ^n climate? . * 
HOW will this change the global social, economic* and political 
structure? How might the impact be ^reel iorated? 

Can a 'predictive capability be developed regarding geochemical 
transport processes in the accessible regions of the earth's 
crust? Successful research directed toward this question would * 
have najor impact on expansion of the Nation's resourJe base, and 
would be of vital importance in resolving waste (nuclear and 
non-nuclear) problems.. 

•What is the nature of climate? What are the processes that 
control climate? How far into the future can you predict it? 
Is our cl.imate warming or cooling? How far in-advance can you 
predict-weather, clir^te? Is there a relationship between climate 
^olar activity a-hd, if so, what is the physical connection? ^ 

What^are the physical processes that govern cli'mate? Greater 
understanding of climate could aid in the prediction oCclimate 
changes and allow time Son measures to offset their impact. 

•To.^hat extent is the stratospheric ozone affected by contamination 
of long-lived, rpan-made chenicals? The results of this research 
are important to man's survival and to the future of major industries. 

iWhat IS'' the petroleum potential of the continental slopes and the 
adj4C£nt ocean flopr beneath deeper waters? This work i>s helping 
^ to identify the resource potential of the occfra'S floor. beyond ' *■ 
•the OCS. » 

Hew do or^an^sms in the deep sea influence the productivity of 
, the dcean? ^How will they react to sea floor d^r.^ing and mining 
activuiiis?* Answers to these questions will aid in-assessxig the 
future of the ocean as an important food source and should also 
provide' b^silfne data on contamination of the sea. 

Can research into the processes by which mineral deposits uer-e-- 
formed in the earth's crust be sufficiently aided by deep ocean 
floor investigations so that mineral resources can be more effi- 
ciently located on land or sea -bed? Research which would Hmprove 
the success-rate of exploratory efforts could de of 'cons iderable ' 
. advantage. • , ^ , 

. Whatrimprovemeat.in understartding"" of oceanic and atmospheric . 
effects on climate can be gained by increased use of sophisticated- 
technology, such as satellites, in observing air/sea ipteract^ofts ? 
Air/sea interaction^ is particularly .important in pursuing the ' 
promise of regional seasonal climate prediction and in determining 
the role of the ocean as the major abso-i.er of atmospheric carbon 
dioxide (with implications for the fossil -fuel energy future). 

Wb^t Physi<^^ processes govern the interaction between high energy 
piu^e^and th^. ambient atmosphere? Research i'^ this ?iea is needed 
to Improve., air pollution models and forest fire forpr^sts. * 
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economics 



f 

TTvel! 



: is the economic- and technical polentiil for Siving.^cnergy 



Are the potentials for per capita energy' saving, and improved 
s of Uving for ilternatjve si^es and population densities 
of cocnpunities in the United Stites? 

Despite continued long-terra real economic growth in the United 
State's, why are many rural areas chronically depressed? 

Vftat changes in policy at the Federal, state and local level 
' cV be designed to Increase job opportunities i<v rural areas? 
A team research^approach could providj a guide for changes in 
policy and POre effective use of rural development funds. 

in^at are the effects on farra income and consur^r prices of cn=_ ^- 
vironcental rulH^that pertain to farming? What environnental 
benefits result f|XKi,^5uch restrictions on farmers? 



What 



is the potentiaT^for. microbial production of useful cotnplex 
^r^anic compounds indudin^^food products? Economic microbial 
p>»tcsses for producing many N^Ornplex organic chemicals from v/aste 
prodi«Xs appear feasible. 

imat are iHe Tndividual and cumulative impacts of public domestic 
feeding prog><ms on recipients and tht^ Nation's economy? The 
annual level oKcurrent Federal programs^is more tnan 57 billion. 
^N^^s ^search wiT\ facilitate analysis of alternative policy 
propS«»ls. ^ • 

Kow and how much is the instability of food and fiber product 
prices accelerating wage-price inflation and so handicapping real 
national economic growth? ^'hat gams in real economic growth 
v^ould result froffl al terntive >rice stabilizing nechanismsr 
What are the distributional effects of alternative economic gains 
, and losses? ' - - - 

Since the production time frame for timbefTs f.uch longer than 
for most agricultural crops, the economic consequences fromjrifl 

policies in tvnber products may not be fullj: 

xBetter economic methodologj^ ^r^^-v^rmrTor assessing the gross 
national product, social welfare, and capital forr.ation in_ der_ 
veloping countries. 






perso/inel. ^iMch- developments 
. __nAtions. but also hiyit.* -proroun^ change tn our dailyjife. 

^exxremetrig^rt|rOo?wthr fidTO to develop meth 
"rnual inc reases in — ^ 

^ew^rar^^^^pTi such as ceramics be developed 
-TTje^iis^^nh^gh tc-nperature situations. F 
ceramics i?h<:irbine iUdej-wUjIf^e^^ 
^M'^lifl^PiE:^^ size, 

The econoni^4nd-£ed^I]^i^ of 
•»r*^^ examples ace:2i«W7>Q 

^^!^r^^f^jn^tfe^ border 





>ropagate ia or^teruls? I>rfs research 

, ^ Sundl'ciaten'als 

stress^ 

Howjc^n_^tAK-tTirHrTrde^^ be both econoraic^l 

"^"^^ "["mantr^Jn^^^d^^ \u life loss 

aM-^^rrrtnai ]njm;,f^^_^^^ev>^^ improved design procedures 
losses to bj/liiiiia*.^^ 
' >Z5i) milTion per year. — a 
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le designed for raving 



Can specHoc bioprocessing oethO?!* _ , 
and degrading toxic polTj^nts in Industrial. process and waste 
water? The benefU^^vOyld be reduction of ^uch agents, 
gases, produc^.i«traf cheaical feed stock, ^nd inn 

fryulgcapdcities of the terrestri 



JOUS 

of water 




taana^CEeAV 



lifc-cyclc phenomena 
dispersion'and population explosions? 

can lead to t^- development of innovativ . , - ^ . . 
nology to sui enent current. 'biologjj:^^: cultural . and chcmi 
control -waisjj. -s. 

To whit e/ent does nU,jusi^^n^^3^^ 
. iayer and what are^Jt^costs and 
nitrogen applic 

he chetaical composition of in-eC^pUati^^uan^^^^ 

latK^tter and how does U vary with^seaiflfe^ftfebg^fl-- 
i^fonnatT^n^ll provide-U^t^h^Tr^ata for-^trs>sphenc1npuf 
nutrient cycT%-iQdcan relate to both point and nqp^£^ 
.Qf air pollution, ^^"^^s,,.^^^ ^ — — ^ ^ 






To what extent can the occucipeflcesN^natural hazards fuch 5s 
nre, flood, earthquake, and pestilerbs^^c foreseen sufTi ' 

in advance to pegm u ni tiQatlo n o f thg i rSj; f q^LiA»-'-?fl^!?r>>^ , 

of prediction and ofjn t^^t^^jT^^^^^itl^roH^^ each hazar^^J.^ 
but for each, ^s-ctfTsH-'O^ferr'pxfliis^ of reduct — 
physical xoy^""^ - 

the economic, technical, and public hej 
rtricting antibiotics and otiherj^iu+v^rTTTanic^^ 
'Adverse iirpacts may ^re /JwHr-afTsetd) rect bficefSPstf^ 
additive bans. ^ - - " ' 

To whit extent are agricultural chG/n>cals trarsrnuted tqOi 
nation's V'*tenp.dys and what ar* the J^ost ,coUj;5X£e^tt75'">vdys of 
cedjcing trfiT" pollution? 

How wiU y^eoc lima tic change^^otn jnc reusing car boo" dioxide. ' 
levels arid particulate loaid/ in the atnos-phjre inpict a-^rvcffTSIral 
productivity? Research is ^eeded to deternine th£>fnfluencV ^of_-.- 




Such chi 
that cod] 
different 



teinpera 




TsiTf-sjstaifTing systetns be d?ve Topped "to u 
Tog'caT w5<jiei7 Research in this are5^C2uiii-fnrrr3e^a 
inprovmg co.5>|5o>ting of or^injxji3.5~^^^r^ri^^ soil 
dud ^ir pollution wi^ti-^^'tiTrriTl for yieldinMg^^eji 
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Cirt nateridls be found tha't exhibft supcrcofid^ctivity at room 
temperature? Such a discovery wo/tld be extrcaely itnpprtant to 
our energy needs as well as revolutionize- all technoro9y usSng- 
electrical energy,. J 

Are there fundamental buildin'^^cks in nature? Soc* reTent 
advances have been iwde wfiich ind?^e that even the s^bnuclear^ 
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-particles" are ^ot fundinental aijd fUr^er research is Necessary 
ta uncover the secrets of <he nucleus. 

How can considerations of second yiiw efficiencies 5)e incorporated 
into energy strategies' energy sfhould be valued not by its arwunt 
alone, but also by its thernjp^jrn^ic quality. A significant 
reassessment of energy economics Wy be in order. . 

How are the fundamental forces of\ature related? Four typey 
are currently known; nuclear (strohg), electromagnetic, 
radioactive (weak) and gravitational. A deep connection was 
recently discovered between; the weak ^orce and electro- 
nagnetisn. Are the weak, the strong, and electroaagnetic 
forces aspects of a single underlying force? Is it possible 
to include the gravitational forck^^ls there just boe kind 
^of elementary particle and one importaM force? 

Does an /island of stability" beyond the cutWt periodic table or 
-abnomiAl- states of ntclear natter exist? Theiejpeculations can 
be \tes^d and if found could have important conseqtrences for nuclear 
production, 

S the nature of gravity? Are there, gravity uves» ^nd if they 
•^how do they propagate and at what velocity? 

s the nature of .Tjatter? Vi^iy is matter and charge quantized' 

re the limits for con^T^nications use of the channel capacity 
visible spectrum? Progress if> this area could significantly 
the^capacity of optical cot^nuni cation systems, and since 
systems use^ glass fibers instead of copper, their use would 
t in trer.andou^ rnopetary and resource savings. 

Can mVrowave technology or other altemativi sources of energy be 
safelyV effectively used to proce<^s and P;"fi:^*^/°°f^[°^^, 
procetsfog and preservation account for nearly 5- of ^^e Mtion s 
coosumptf^n of fossil energy, Rescirch could provide alternative 
less costly energy sources and methodology. 
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(in FuQUA T|iank you very much, Dr. Press,-for a very ambi- " 
, ay^d weU.thoughtK)ut program. I think in the inStestipf time 
and t&-eUminate!^ny duDlicaUon/df questions it may be appropriate ^ 
to hear froin-yQil npw, Dr. Stever, and I think many of the ques> 
tions may.appro^telvbe asked of both of you. So welcome back 
agam this week. You ar^etting to be a resident witness. . 

VT ."^ , chajrmanlrf^ Assembly of Engineeriag of 

the National Research Council and vv^s^ience adviser to Presi- 
dent Ford. \ ■ ^..^^-^--^^ 

Dr. Stever, we ake happy to have you/as a former director of the 
^National Science Foundation. / 

STATEMENT OF DR. H. GUYFORD STEVER. CHAIRMAN. ASSEmT" 
BLY OF ENGINEERING. NATIONAL RESEARCH COUNCIL y^ND 
FORMER SCIENCE ADVISOR TO PRES IDENT GERALD R. FpRD 
Dr. Stever. It is a pleasure to be. here. You know we scientists 

and\engineers like to ^ be quantitative , about .-things and measure 

things and we finally discovered that a congressional hearing is 
nf science advisers long. You could Ifeve selected moi;e. 
Mr. Chairmaji, in the interest tim« , to get to your questions, I 

am goiiyg to follow my prepared testimony, but I will leap quite a 

Mr. FuQUA, All three statements, those of Dp. .Keyworth; Dr 
Press, and yourself, will be made part ol^the record in their entire^ 

. 'Dr.'iJTEVER. Thank you. I want to join Dr. Priss in those agree- 
ments that he made with Dr. Keyworth. I think the^ are very 
strong points of agreement among us, and I am very pile&sei-that 
Dr. Press made. them. I think the Natibln's R. & D. structure is a 
i^od structure. But we are concerned w th the magnitude of that 
struct ire rather than with the structure tself 

The national R. & D. system has serve 1 us well in the past, pro- 
ducinj; the innovations that were necessary to improve our health, 
our standard of living, and our defend. It- is not a centrally 
planned effort, though it is carefully observed and studied both- 
here ^d abroad. It results from; a myriad o^ separate consider- 
ations ^nd decisions by many . ihdustrial coi|ipanies, large and 
small; by Government depaHment^ and agenci&; and by Congress- 
^&-£Md Presidential- admin istratiohs. It has hden hammered into 
shaproverthe decades since Worl4 War II. ^ 

Several ^ti^jguished leaders of research and development in 
centrally planned-economies overseas have told me from time to 
time th^t we needed niDFe^ntralized planning and control in our 
K. & p. structure, to accomftiod^ the increasing complexity and 
interdependence of all the matters^thatR. & D: affects. With that I 
do not agree I have always consideredthe-^^uralistic R. & D. pro- 
gram of the United States^as one of our. greaT^-sengths. It has en- 
abled us to explore newly developing fields of science, Capitalize 
quickly on discoveries and innovations, and to briiig newlaSasOnto 
,the market. It vises the initiatives and strengths of many maHy--.^ 
minds approaching problems from different points of view 'taking 
from those minds the best that they have to offer. Individual initia- - 
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Ktere control is exented completely from 



On tl 
point one ^ ^ 
^Centrally plann^d^ 
^^ani5>. and they buc_^ ^ 
Vting in the past ha§^ been tT 
-dbort-teciii economic and politicaTi 
trol the inputs of funds fronvthe ' 



our headings today may pin- 
.^fe&niraH2fed R, ^ D program 
planfer 5- ancTl^year pro- 
akness^rfsQur R & D. hudg- 
[itures ris^v^d fajj* with 
economl^'^cx^s 
^nd the>Qtlitical^ 




cycles coittJU^ funding from Federal .soiirces^ 
^don't advocate sticking to progmms or i..,,-- 
•^--^•Tiods if they pcQve ineffective, I Myocate _ 
^ * of science^lid^to:hnology^nd carrying 
V them, sBifti^^fcQm project to>i:Qiect as necessary. ^ ^ ^ ^ 

^ In our rS^t^el^^ 
deVelQpmBat^^ c&n^^ in priyate^inpSn^s/^vhi^^ ivuv^vt^ 

their bii^ifi^^s^J^ m 
I successful i^^S:4oS^c6mm^^ economic <i(£hebusin^|^ 
vvorid. Government^c|}€in^^ can gr^»^^Las§ist industriM .^J^ a by 
-vcreatTri^ chmate thaT^^les^indusCiSiS' make profit^^na ^ 
^ t^ebt those-j)r^lt6 in the^E^d>e§earch aftd-^elopment ne^s- 
5^r>.%i^ upgrade mdustrial probeSs^ aiid p>oduce rfe^^^oroducts 

"ihg^dbuut the lastdecade^nd^ h&ff..it ha^ heconfe^l^ar that 
competition inlnSjir 
4rapKtg:^15;vreie^ years we have 
J tioa iri pQ^?^5s3}i(Lpulic forums. On t 
ii^dus,tf lah&ts, 4rf^J^^C|j gov^nment ad - . >, 

Congress, veducatoc^^t^^ersT-^cpnomists, lawyer^^jfiennsts, i 
'^ent(>r^,\enti:tJpreneui^\coH&umers7^^ ^fhq^^em^ 
taxpayers, and, stocKh<^^l>9ae rlSult, in our ^p^adu^o 
le efforts such as R^XlV^^^^^i^Sh^^^^^^^^ 
X^^TlBSrs^p^s^d, at last a rene^d ^Tfeo;^^ finan&ia};<li 
Ke^av§^l5S^^nW d^fiSftely worse 

ve^mticb in 




^r, ai^ 



rewrit 



. to ' 




^uragi 

[^{erm gai^^her than^oTdki^cyi If such 

? ..caii ba^gt^biished, and^^ii^ilfl^j^ be 
"^-'I^nmi^anenormous blocOo".. ^ 
cHitn^fe^ t^pj^g^'onc^ again liie resea 
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ead^n 



_^he\^t^u)itn' to get the iiev^^processes, 
ilFS^^jJi iTTore>x^aJ>^tiv^. ^ ^ ^ 

' :gadiM-ecogniz§dHfeLt tfeimtional coiv^ ^ 
iit on pamy by inflation andx^ 
leSvt <Hmafe^ has^puUednhem 
ibrl- and lORe-t^ta^ains m 
tov^ard^ ,befer bal- 
s ^ot only'm cre^tmg 
eatingS^^iuri And it^as at\- 
r^searcli and 
ConCme 



itiua 



Apply 



ideas 



qual 



Fedf'ral 
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^°^^'^Sn leaders tell us what our technological 
strengths are, they , pick aircraft, they pick pharmaceuticals and 
health, they pick agriculture products, and they pick computers. 
Ihe tirst three of those have been and remain primary places for 
the irtvestment of Government R. & D. funds; in the last one, com- 
puters, the government invested in the early stages and provided 
an immense market. So let us not say broadly that oUr Govern- 
ment R&D mvestments have been bad ones. We have to remem- 
ber our past success and where we are winning at the present time. 

It IS my thesis that the total government support of research and 
development is already too low; a further reduction will constitute 
another blow to this important sector. 

1 '■aspect to our international competition, though we once 

led all developed countries in the number of R. & D. scientists and 
Tnf.'nrf^''^ ^ ^ proportion of the labor force, with about 65 per 
u : ^" ^^^^ proportion dropped steadily until 

about 1974, when it reached a value more like 55. Since 1975 we 

• Toi^''^''^^^'^ this number slightly, but it fe still lower than it was 
in lybi. 

In the Soviet Union the number dT R. & D. scientists and engi- 
neers per 10,000 members of the labor force was well below the 
U S value in 1967 but has climbed steadily since. Some estimates 
place the current value of this index in the Soviet Union at aboiit 
•^'."^.u ^ "^^li^^^^^ the USJeveL Soviet colleagues-mil say 
fhat4hat-TS a IiffleTiigh, but. they still admit that they have more 
science~^d.4echnology workers, R. & D. workers than in the 
United States.^"^ 

The numbers for W^t Germany and Japan have also climbed 
steadily and are' approaching our, level. Itone -subtracted the num-' 
:^ere of scientists and»engineers involved in military Rr& D. -ol^ 

^^1^ Germany do veYy, little, one^ould find that 
both ri^nvore scientists and engineers per. 10,000 members of the 
labor fotce;:than we do. ^ >v ! "^^^ 

The fundni^:»four nationafk;^ D. effpr^; has'-been shared over 
the years by tRfe^-Federal seW-mainly , indStiy-and the 
l<ederai Govern ment!R:Ever since 196V some— and I >Hl among 
.them— have shown a s«St}gdesire to reduqe^th^ Federal IK& n 
tondijjg load and inc^ase fi^^jan-Federal T^kJTiat in facr 



lent 



-•■•^♦•O *«-rMV» UliVt 111' 

^steadily:;pccurred. In 1967 indus^i^sup^rted 

D iirth^cLntry, and t^%deral Gove 
^ut 60 percent. | ^ 

. . ? ^^^y^ P steaAf change o^te the, interv 

ye^, the^iM^eral Gp^rnmejft, provides 47 percent of th 
K. & fundmg^ with 39 Wcent coming from iridWi 



Toe 



kg^40 percent 
ts^Ugpprt- 



3n s 



5iWiitjr]n. this area is pur objectiveNye are ac^ 



the Fed^^i re^ 
complismJ^Ht. 

However, l^^qew^ such a change' can belc^^^. 

phshed rapidly Sc^not lin^tand the dynamite of the resea^^cfr 
and developmeijt^ys^n. It Me^n^itutions like industry a long 
time to build4:reater Hf^eii^ development by 

;B<lding fa^iMies^ equipmem^ar^d pet^nel. It taices uni^^ersities <a - 
long tjm^ to produce scientfet^ Bnd ert^eers^ta do 4he research 
ancUI|v&lopment. It takes fundih&^^bi^-a long £W as 
^e\l Personally, I am in favor of increasing the^ercenl&M of^R & 




D funding. from pnvate buurces.i But I believe that trend must be 
^ slow, steady trend, as it has beeri over the past 14 years. 

In summary, I think that over the past decade and a half we 
have neglected our research and development in Comparison with 
'^'uur commercial competitors and our military adversaries. I think 
also that \\e have failed to establish the necessary clijnate for inno- 
vation in using the results of research and- development, with a 
conijequent reduction in the numbers of innovations the United 
States has produced compared to the rest* of the world. Frankly, I 
think now we should be talking not about weakening our 
resources, but* rather aboyt some long-term plans to insure their 
stable and strong support. » ^ 

Thank you, Mr. Chairman, 

(The prepared statement of Dr. Stever follows:] 




Statement of Dr H GuYtt)RD Stever, Chairman, A^ej^bly.of Engineering, 
National RESEARi| Council* 

Mr. Ch*irTMn. members of the committee: -Think Von for the opportunity to 
tcitify today on "U.^. Science and Techrtolo^y under ^udget Streti.i^ 



Xt it generally recognired throughout ihe world^ thItSiational heafth,' 
ccoi/ooip well-being, and defense *ftpen^ strongly on science ^tid technotigy.' 
Starting from a good base fol lowing, World War It, the United States has built 
« strong, re'scarch.and 4evelopoent prograa wifch many competent people working 
in well-equipped institutions on projects aimed at meeting the broad sp^ 
of 9ur nation's needs. Ttiat program hajl, been the envy of other countriea, 
both developed and developing, and Jias .erved as a oodej for many national 
research and development pro^rims. Ihi. effort has long been cAntidered one 
of our American strong points in ensuring^^tfdcfi economic progress and defense. 

Before commenting on the impact of budi:et stress^^on this program, Ut me 
give a 1981 inapshot of that research and development program. R&D in this 
country is^a big business: almost i70 biUion^this year. Ihe United States 
spends almost on^T^^^rd of the world's R&D funds. About 47 percent of these* 



funds come from t/he federal government, and*49 percent "from industry; 
universities and nojiprofit organizations— mostly foundations— supply 2 percentf^' 
each. * ' ' 1* < 

' \ . ^' ' ^ 

Private industry is overwheWngly the nation's biggest performer of R&D, 
uamg Its own funds and half of t^e government's R&D fu'nda; government - 
laboratories spend ofniy 13 percent .of the total, practically all from * , 
;'. |overnoent sources. Universities spend 9 percent of the'futuis, again mainly ^ , 
from the govefKment; that 9 percent includes 3 percent for the federally 
funded reaearch and development cent era (PFRDC'a) adoiniatered by the 
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universitie* for the governtnenC (liboriCories iuch ac U>$ Alamos of Che 
Unweriity.pf Californii, working in nucleir weipon*, the Jet Propulsion 
UboritoryNif Csli forms Institute of Technology, working in spsce^^lghtj; ind 
Draper Laboratories of MIT, working in gui4snce and control). Nonprofit 
liborstoi-ies, such ss the Stsnford Resesrch Institute, perform 3 percent <|f 
the work. 

V- 

The charscter of ^ur work is divided stnong bssic resesrch, spplied 
research, snd development in portions of 13, 2^, and 65 percent, 
reipectivelyr* While there are no formulas for determining the proper bslsnt 
avong these three categories of R&D, our balance appears sbout right 
considering the average amounta-of the three categories that go into aft 
innovations, large and amall,. (Of courae , from innovation to innovation thejre 
ia great variation in the percentagea, but thia ia a / -d average.) 



About one-quarter of the nation'a 2.8 million acientiata and engineers" 
sre employed in research and development. Those 670,000 RiD acientiata and 
engineera are divided among government (lO percent); induatry (71 percent); 

oniveraitiear"inrauding the FFRDC'a (12 percent); and nonprofita (A percent). 

I f I 

* Thoae, then are the dimensions of the nation's RtD structure. I think it 
la s good structure. ;i[t hss aefved us well in the psst, producing the 
innovstio^s thst were,necesssry ^o improve our healtrh, our atandard of living, 
and our detense. It is not s centrally plsnned effort , though it is csrefully 
observed and studied both Here and sbroad. It results from a myriad of 
sepsrste/ considerations snd decisions by msny industrial companies, large snd 
s»«ll» by government dapartoenta and agencies, artd by congresses 4nd 

\ 
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Prcixdential «dihiniftr«Hi»n». It has been hacnered into fhipc over the 
decades siAce World War 11, 



Several distiojuifhed leaders of reseirch and development in centirally 
planned econonies overseas have told oe from time to^tirne that we needed more 
centralized pUnning and control in our R&D str^icture, t\, accoB«odate the 
increasing cooplexity and interdependence of all the matters that R&D 
affects. With that I do not agree.^ iW always considered the plwraliatic 
R&O profrai, of the United States as *one of our sreat strcnfths.^ I still do. 
It has enabled us to explore newly developing field, of science-, to capitalize 
quickly on discoveries and innovations, and to bring new ideas into the market 
place. It uses the initiative and strength of tnantr*many tainds approaching 
our problems from di f ferent^dintr of view, taking^ from those minds the best 
that they have to offer.^ Individual initiative's not stifled as it is where 
control is exerted from the topi 



On the^^her hand, the subject of your 
the weaknesses of our decentralized R&D 



often plan for five and ten year programs, 

weakness of our R&D budgeting in the pjist H 

. * ^ \ 

fall with ^hort-tvm economic and political 

^control the inputs of fundp from the private 

control funding from federal sources. 



teirings today may pinpoint one of 
progijam. Centrally planned economies 
arid they budget for them. A 

ieen- that expenditures l^ise and 
qycles; the economic cycles 
sector, and th^ political cycles 



research in the physical, 
performed in universities. As one consequence 
^eeo steeped in creative thinking. That is a 



biological, and medical aciences is 
e, we turn out graduates who have 
Very importantjadvantage of our 
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«trxictur«, for srtdoate^ in •cicnce and rcngincering who htve not ^becn cxposec 
to the ^Biosphere of university research aX»S •omething very important in 
their education. Oor univeraity research i* high in quality; U.S. citizens 
have received about half the Nobel prises in. acience »ince 1930.* In the 
uavversities, we have performed the fundamental aciintific research underlyifig 
the aolid 8t4te in computer*, nuclear power, genetic engineering, antibiotics, 
scientific , instruments, and many other big business fields of today. 



Receiving most of thfcir research funds from feder^ sources, the 
universities are the most sensitive of our R&D structure's elements to changes 
m federal funding, both long-term and short-teno. Ihere is a long-term 
effect that has been cumulative in the universitiesrttt e»rH<T days (twojor 
three fiecades ago), universities in the United States were the envy of 
universities, elsewhere in the world. Their equWent and facilities coulj 
bear co4»parison with those of any 'institution involved in R&D. Today,, 
university laboratoriea and equipment are in manylcases obsolescent, dxitj to * 
long-term decline, beginning in about 1971, in t hi number of real dollajrs put 
into reaean:h and development by the federal goverfiaent; though this tjfend was 
reversed in 1975, the increase has brought funding 



evel, and most of that has been used for program 
quipment and facilities, "^day , our universitiea 
will supplied with facilit^s to do the research jc^s before them. 



only back to about /tjie ^971 
Expenses rather 
tr^t not well equipped or 



Any proposed short-td^na drop in f^nds for university research will «dd Co 
the effe(^t» of the long-term drop, a^d programs wilt suffer. Al/eady 



u^iivcrsitiea are finding it difficu,It to attract and^ retain talyfented youngs 
^rofeasora, yhoae salariea are Icj^er, aftd whos^ reseirch opportunities are 
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narrower, than they w'ould be m industry. X^ii ihortagc of fundi spills over 

* to students; t*hey have more difficulty getting thesis research support, 

graduate Cetlow^^ips, and scholarships. ,They also sense the foweAng of 

norale ijv <J^vers\ty re»earch, and they arc quick to read signs that they may 

be, Entering fields where Qpportunicies are not as great «?^they once were. 

* » * • 

There is another influence f changing funding levels* for universities. 
CXjr systen has developed a Weakness over recent decades as a result of the 
increasing proportion of federal funds ^in research support for universiti*?- - 
ancj the corresponding decline in industrial funding of university research. 
This concentration^of funding in the federal governraent has focused research^ 

in' the universities on government missions— defense , health, weather, climate, 

i I 

spAce, and so on*-and away from those sciences and technologies that help 
industry develop their manufacturing processes and the technology for 
efficient production. It has also lessened the interest of graduates in going 
into industry from the universities to work on* the innovations needed for aji ^ 
fexp^nding and competitive economy. This shift of emphasis in universities, 
away from industrial needs and toward those of government, has-been noted^ in 
J recent year* there have been many attempts to counter the shift, including 
industry efforts to get closer to the universities and support more research 
and federal programs to put some governraent R&D funds^ into strengthening 
university-ijtdustry ties. Many of these attempts Will be affected by the , 
^ short-terta tightening of federal research funding. 

In out research and development structure, applied research and 
development are concentrated in private companies, which know their businesses 
and customers and can manage the development of successful ideas, so as to 
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«ccotaD(d«te"th<»^cono«ic«J?;^^ worW. Govcrnincnt «ckion« ftrcttly 

-^ffecAnduytYtir?^;^^ TcUpiatc th#t, cniblei industty to 



T0>^^^5fi5«^nd pro?l:^c new products. 




tOT Lloyd3cnt«cn, peoocrat f<om Tftx««, who recently 
of ^he Congjress> has lurapied 
itaW~Tn'^'pipe><n title*, "Tixition, Research aqd 
Dev«!lop»ent ."jr tie writ^, **Xo"cni7 ^ ^ n v es t tie pj: in, re search and innov^UtioiT will_ 

*!*^iirae'.' WtxtSal innovation is at 



th*~-em'e uf l(\fencconoQic^u^ll-bc^ng^j>irtKc United Ststei snd is a msjor 
contributor to econooic- growthT' ^In novation ^ influence s ,J:itflstion snjl-— ' 

• S. prothicts to 



s t imt^Mre^'^ produ 
compete in domes 



ttivity, ^ntploynent snd the abilit 



L 



tic and world na: 




He goe» ou-tD «*y,» Through 



{ 



inveatoenti invebtiv^iT»di^ridual8j;;^o,cKihg--independently or"for-«* 
_coo^A]i^c==obt4mv-i^ ir 
research snd deve^gnent^ InvffaTwcnt pr 0vide a_jyTe_Xac4-14t^ea^ iiot only for the 
actual reaearch work, .bJit-^lao-ftS^ the planta and toola to transforta the~ 
« innovative ideas ijito a marketable product. And it ia inveatment through 



educicion which pquips individual a with the knowledge snd akill to engage in 
R&D work." " ^ / ./ < 



During abolit the }.sat::deca$le and a half, it has become increasingly cKar 

t I • ■ ■ 

thst international .cornice tit ion in induatrial marketa ia increaaing very 
rapidly. Some of the ^ffecta are very clear*. dur marketplacea are filled with 
foreignttuide producta," aos^ of our moat baaic'/induatries have hsen devaatated 
or badly damagid in bi^^domeatic and forefegr/ m.arVeta, tnd jobs *a re 






'^etit^ h rgh? rrt^ chno 1 o gy -field* 



of coaputeriijAnd s^maanici^ion* 
for AT4T'» nofthe«ii£_-corr 




"Tfthe contract ^ - * 



:icWi4iber 





|nt«^^^^«nd_h« V e-. b iaiv- indu »tr^i fittlj 
r«, iicinbert of cSgfe»rpeduc*tor», 

^i=onMu«#r», t»hj»^W^U^^ ■ni(1ili,rril( n -me 

"reiTJIt i« & atfJi-J)«rtci^Wdir«t«nd^g of the i««ue«^ 
effort to create fii 



iFlc^^ innovatioji.__JlCbi*:5aeHnaCe~' 
entiri^ K>n«--|A«j^gtin«^r«tfeftr.-Jiwnr<^^ 



tewritten to encourt, 

» \ - --~ 

- -^rrirfe beaten back* 
ihve^tiDCAt^e J^ave «-c1t*^^rf^ 
devel opraen^^4jaceT^^i^0£-*hi^^^tii 



r ijc^ftjjilt ret»*jn«-^irt enornou*^ 
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Induftri*! U«dcrf^Kiv* «lre>*j:^recogni*cd th«l the nitionti' 
^ concet^cration oo shoTt-ten^ gains, broutht5K.^^j^tly by. i^nflation and 

by «n^t^i?favorabl« iavestncnt clmatc, has^ pulled 
\ *^^«I«n5s«^"6ctwccn J^orc- and long-ten gains in their c^aj^tal inv| 



prop 





In our^3iD--»r;^rurc, govs.rji 
fields foT wHli^ Yhi I < ill I il lovrrnnrn 
climate an<i weather;; 
\ apa^e, tbere is «* v^ry llj|!f;ge^[Si«i^^55n^^^ proccajsea, 
for HASAli.resfc4rth of tea-^e«tj^rt^^ 

too other areas vhece-^yrj^ttetxuha»>^i ftlumed,^^ - — 

«^ba5i^j|^ia^iaiA<^^ Fharwa^t^al 
conpanies afid others itytSt^e»lthj>fie\4^fi^rB'^6^^ from federally 



appnsored biomedi^rreaearch, "and^ our food indo'a'trics haVe also depended, 
heavily on government'- sponsor edrcsg.Ar3 




'It is my thes^is that^thV total go^vemtl^t aupport of fescard^nd 
eveiopcicnt is already too lov; a f^urtheir reductAon^J^it^jU/^ig^^?- ^ — 



constitute another >lcfw to thi» im^^rthtil^^ctOT * ^ ^it^^^;^^^ctj^^^ 
international corapetit,ionT^tiffij(tt^j^^gf6^^^^ the nuxabef^ 

""oT^&D scientists and engineers /s A ^t»f€vtion the'labor fprcej^jiitHs-atJout 





pernO.OOO eaployeea In 1967, chiJ>KQoorcion dropped 
1974, when it reached a valye ~iore~iike 55^ 

nuaber alighcly, but it ia atrUlower than it-war in ^m^S|S the Soviet 
Uni6n the nimber of R4D tcientiata an^d^^^ineera^p^TlO.OOO ne^^tk^rKqf the 
___iabor forc'e waa well below the U.S. ia^ i^947 btit haa clinbed^'i 

•ince. S6»e estisatet place the current valueNxfth^index in the So^ietS 
Onion at about '80, which is wella^o»«-rtl U,§. l^l 
Cenaany and Japan have j^iSclinbed ateadily and are 
If one subtracted tiie nuabera of acxentiata «mrengineera invol 



* R4D, of which J, 



h«ve/s}ore aci^ht 





very little, one would 
,000 neabera of the labor 



■nier* ii a imply no queation that for the laar^^t^^and a half ve have 
not paid enough attention to the total «agnitud« of R4I) funding in thia 
country. And if one auperilspoaea on that tVend the ahort-tero cutback now 
propoaed, one finds only a woraening aituatxon. . '^ ^ 



\ 



The fuhdijjgof oW national iUD 'effort ha^ been ahar^d over the yeaM 
nonfederal aecto^^^^rinly induatry) and thjK federal govenwent. Ev^e 
.^^i=^^ aVt^^ deaire to\r«du'ce the federal R«r%nding 

and mcreaae the nonfederal load^^lhat in, /.ct h.. ateadily occurred. 




I aa id eaAier, proi? 
percent cotnlnj 



In 1^67 industry supported'! I eaa than .40 perc^jtN»|«ll R^&D in the|<|ountry, «nd 

fovitmiienp aupp>Tt:ed about ^jO .percent. \^iy- aa a r^aiflt of 

ateady chan^e^er the, inteirvening fourteen yeara, the federar^os^irii^ent, a/ 

percent of the'rtationV X&D ^nding, with 

iitduilfry!:^ So if^r^^ucing the federal ritponaibiliCV -ior — 

V 
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T change c«n be «ceottpliihed rapidly joei^t undergt«»ld the 

developfaent 





neglected our research «tfth»44velopoerrc in conparison with our CQB^«£rtox$* 

t>iAk j^«o that we have failed fc9 e^Nkl^iah the nece«sary climate f6r-_ 
innovation in uiinj the reaultt of re«e«rch «^^^elopnient, vitb a consequent 
redutvi^in the nirafe^a p^f^nnovations the Uoited ^St«tes^Tt«s^^^roduced 
cooparcd t7"tli^-i<^tof ^he worldT^c^llkly . 1 think now we should be talking 

lurcef, but ratltet^-ab^t aooe long-term plans 
trong su 
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Mr FUQUA. Thank you very muA, Dr. Stever, for a very excel- 
lent statement. Dr Press, if you would rejoin us. We will start the 
questioning with the members who were not able to question Dr. 
Keyworth, and we will begin with Mr. Ertel. / 

Mr. Ertel. Thank you, Mr. Chairman. 

Gentlemen, the science adviser for the present President, Dr. 
Keyworth, h^s indicated that we need to increase the quality of in- 
strumentation in the research Jaboratories of the United States, 
specifically in the unrversities. To show how he equates increased 
instrumentation irt those laboratories with an economic recovery 
package, he believes that somehow we are going to get greater do- 
nations to these universitie;6 for instrumentation by the private 
sector. ^ / 

I don't share that view. Maybe we will get some increase, but I 
don't think it is going to serve the entire purpose. And many of the 
graitts you get frpm industry have strings tied to them, that they 
want experimentation doAe in specific research areas, which leaves 
other areas wi^^out funding. I would like' to know your views on 
whether or not the approach of just giving tax incentives to indus^ 
try to help in the instrumentation of our laboratories, is sufficient. 
If it isn*t sufficient, how do we go abouf increasin^nd improving 
instrumentation in our university laboratories, which seems to be 
an estimated cost of $1 to $2 billion, and the administration has 
zeroed that ou,t in the Federal budget? 

J^l Press. I think industry is to be commended for what it has - 

oNi^ in recent yeat^ and for its plans to increase contributions to 
university researc^ including equipment, fellowships and direct 
grants Recent tax* changes may- help, although there is some un- 
certainty there. But the trend is in the right direction. 
.Hpwever, industrial leaders themselves. caution that they could 
not possibly replace any reductions by the Federal Governmefit or 
make up any deficits that have accumulated over the years in an 
area such as instrumentation. As one industry leader said at our 
October conference, ev^n if industrial contributions to universities 
tripled over the rest of this decade, that would be equivalent to 
only 1 year's proposed budget cut on the part of the Government 
The atmosphere is good in terms of industry's recognition of new 
opportunities in working with universities, the recognition of its 
obligation to maintain the scientific and technological base and to 
improve scientific and engineering manpower training, but we 
have to be careful not ^to overestimate the potential. So I agree 
with' the thrust of your question, that an important Federal initia- 
tive to improve equipment, and research equipment facilities at 
universities is, still very much needed. ' ^ 

Dr Stever. I agree. Mr. Fuqua sponsored a hearing a year or 
two ago on Government help in. improving industry-university co> 
operation, and several industry people, who in fact had started to 
• increase their cooperation, said that when they started joint proj- 
ects with academic laboratories they were astounded. The first 

^ thing they had to do was to bring them up somewhere close to the 
industry in their instrumentation. I think in the last few years in- 
dustry has had a shocking awakening, the fact that our universi- 
ties have fallen down very badly in instrumentation. 
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one other^^stion. It occurred to 
ij>'tt^t.if>ing, he was^alking about the 
"WiM^rbitieb ab well alKl^the factutet 
t growing aft^t^un^^ijiew faculty ^ember be- 

^ impossible, spKj^i>^Jly in^he scientific areas, j 

fetatemeat. TljlsJed^ral Government is unlik^^ly to 
[Cebb evenithoitsgh it has a stake in the coptinu- 
research ajid absocjated education.^ 
'Stened to Lester Therow, who is an ecopjwrffst He 
was talkii^^bout the ^cientific.endeavor in .the United States His 
scientific people, both in the universities and in 
n, even just math teachers, are getting, such 
rum in^Ubtr> because there a dearth of people who 
tfeat we^ losing the educational backup to train 

> is that we are goiiig^to be losing the future for science 
education^nd training new scientists. Then he ^ays with the in- 
creasing Federal budget for defense, because our defense industry 
siA bu technvlogically oriented, that there is going to be even more of 
a drmn on scientific personnel. The bidding for salaries will bring 
people^mto the defense establishment, especially into defense-relat- 
ed technological industries and research and development. 

So that the strain in the immediate future will te even more 
acute as far ab either training new personnel or in fact having the 
people to train them, because there is going to be a drain. Also, the 
people that remain in eduoatipn will be even more expensive, be- 
cause they are going to be demanding higher salaries. 

No. 1, is he right? And No. 2, if he is right, how do' we combat 
that problem? Because if he is right, we are going to be facing a 
real crisis in the 1990 ^ and 2000 s for scientific personnel in the 
educational field. 

Dr. Stever. I would like to start and make some comments on 
that. First of all, we are in a free enterprise system, and there is no 
question that the phenomenon of more attractive salaries in indus- 
tr> has affected hiring in academic institutions. Industrial people 
recognize this, too, and a number of their efforts at increasing their 
cooperation with universities are aimed at precisely this problem. 
One proposal, for example, is that a young promising teacher could 
be offered graduate opportunities, with the fees paid by a corpora- 
tion as a loan, and that such a loan could be excused over a period 
oif >eai:s that the individual later spends in the^niversity teaching. 



/ 



/ 



/ 

/ 




aint appointhieiu^s^d the 
tJ^^^in^o solve the pf^l^em 
'tt%sQnly^^^pp^kiun for personrk 



hki- biu Mo nut th 
cbmplett?ly, and^I^do. 

In tjie defense Tndustaes Competitluo 441 the ^ectttJRics businebs 
\4ha a number of other commercial businesses is so sreat-Uaat you 
are going to see that drain oauniversities continue. Something^ has 
tobedone>-^^ '^^^ 

Mr Ertel Tlie ai^swer to the lasT question that you phrased to 
me, that is the whole qtiestion. 

Dr Stever. You know, if we-ar^^oing to us^ the Federal Gov- 
ernments which does tend to display-^-a^^ar fim^ng cycle, it 
might be good^o start thinking of it as a gafr^fiUerunJ^these prob- 
lem areas The universities ar^ clearly such on areaTThey^gd:^^, 
scheme to raise salaries and to update their research equipment. 

Being in a university has fcome advantages for a scientist. He can 
pick his own field of research, for example. He has in many privi- 
leges for being there, and lots of people would like to be there if it 
weren't just awful in pay and research environment., Maybe we 
should use our Government funding by pointing it a little in that 
direction. 

Mr. FuQUA- Mr. Brown?- 

Mr. Brown Thank you; Mr. Chairman. 

May I ask unaminous consent to insert an opening statement?- 
Mr. FuQUA. ^eC without objection. 

[The prepared statement of Mr. Brown appears on pp 3-4;] 
Mr BROvyN. Gentlemen, this is an issue I wish to bring up that 
you haven t touched on specifically, but I note that within the last 
few days the other body, the. Senate, has passed a^easure aimed 
at stimulating the health of research and development in this 
country in the form of legislation to earmark a certain percentage 
of the Federal R&D. budget, which wou)d be directed to small 
business enterprises. I understand that has passed the-^Senate with 
minimum objection, and according to one of the press reports that I 
saw, the cost of this is not large, but it is projected to run from $3 
to $2Q^.million a year over the next 2 or 3 years. 

Now, stt^the same time, expenditures are down for a numbef of 
other initiatives aimed at stimulating small R. & D. business and 
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ennamfm^ cuuporation between business and industry— for exam- 
ple, provisions of ttre-StevenSon-Wydler Act have been, as we say 
now, zero funded or zeroed out. Can we assume that this represents 
d coherent philosophy on the part of the administration, which is 
bupporting this new initiative to sort of let the lesser quality pro- 
gramb wither away and that this small business R. & D- set aside is 
a high qualityvprogram that Dr. Keyworth referred to? Would you 
concur in that s^rkof an analysis? ^ . . i r- j 

Dr. Press. By and^ large I am no^ sure that set asides with tixed 
percentages where you m^t spend the money in a certain way are 
the most productive and e'ffT^Hent means of conducting scientific re- 
search. On the other hand,- the program in support.of small indus- 
try at the NSF is a good program. It seems to be working. It is re- 
viewed, and the budget grows or doesnt depending upon the qual- 
ity of the program. So the notion that mor^ Inderal spending for 
research m small enterprises should be followed good one, but 
I think formulae requiring expenditures of a certaih iixed amount 
each year would lead to programs that are not properly filiated 
and may not be terribly efficient. / 

If we could dissemijiate the NSF model through other agenCi^^s 
and have growth det/rmined by program quality, that would be the 
best way tu capitate on the enormous potential of small business- 
es. * 

Dr. Stever. I agree with what ^^rank Press has said. In the area 
of small biisiness, where innovative new products and research are 
, going to/pay off, you in Congress should emphasize providing a 
good climate for private investment. Private investment people 
have a very good sense about what is going to succeed and what 
isn't. Not a perfect sense, however, and I think^the Federal Govern- 
ment should maintain some role, but I don't think the Federal Gov- 
ernment is a good selector of the ones that are going to succeed. I 
thnik you have a different weapon in your arsenal to emphasise, 
^although I think some effort by Government is good, but not the 

sole effort \ , r> 

Mr. Brown. I am sure that both of you will remember, Ur. Fress 
particularly, that when the previous administration announced its 
initiatives dealing with innovation and productivity, they were sub- 
jected to considerable criticism foB. lacking this component of tax 
mcentive that you are referring to as an overalbpart of the pro- 
gram to stimulate innovation and productivity, small business in- 
novation and productivity, in general. 

Dr. Stever. I don't think that vjas Dr. Press iault, however. ' 

Mr. Brown. I wasn't implying that. I am pointing out that he 
would be familiar with the fact that there was that lack of empha- 
sis. The question I am liaising now is whether the new thrust, 
which'cajls for a new expenditure program, can -be properly catego- 
rized as^a high quality, carefully targeted approach aimed .at re- 
placing the failed initiatives of past years, and I think that you 
have attempted to respond to that. 
. That is all, Mr. Chairman. ^ * 

Mr. FuQUA. Mr. Shamansky? 

Mr. Shamansky. Thank you, Mr.' Chairman. 

Recently I read an article on the Op. Ed. page of t\ie New York 
Times, a- thesis comparing the Japanese direction of ihvfistment in 
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research and (kn(»lopment through their Ministry of International , 
Trade and Industry, called MITI, and comparing that with our Fed- 
eral expenditures, which greatly concentrate on the Department of * 
Defense and the attitudes that the Department, of Defence takes 
toward its research and development and the subsequent utiliza- 
tion I would like you to comment on the two if you are' familiar 
with It at all ^and are we really getting our money s worth with the 
mode that we are using for Federal R. & D.? J 

In other words, with such a great concentration on the mililflry, 
IS that our best vehicle for so much of our reseatch and develop- 



Dr Stever. Let s never sell short the Department of Defense s 
fine support for research and development. However, there is no 
question t)iat they have had more success in theif areas than we 
have in some nond^ense areas. You talk about-the Japanese com- 
petition The Japanese did not in the beginning win economically 
on the basis of great research. They used other people s research. 
They went on good management practices, quality, teamwork, care, 
dozens of things. Now they are changing, and you will discover that 
thq Japanese, in the economic competition, are beginning to win on 
the basis of high technology and science. I don*t think one should 
, be lulled by statements that say Japaq is now beginning to' ask 
questions about how they car> becqme R. & D. leaders in the world 
They are R. & D. leaders in the world. 

Mr Shamansky But my question then is, Are we wrong in pur- 
suing, in discussing the great amount of Federal R. & D. when we 
are.just following the same, old pattern of R. & D.? - ^ 

Dr. Stever. We aren*t quite. Don't forget that the Federal Gov- 
ernment in the last decade and a half has reduced its emphasis on 
military & D. pretty steadily. It has gone dow-n. to about 50 per- 
cent, whereas it was 70 percent a decade and a half ago. Our real 
problem is that with the Soviet Union^ and other potential adver- 
saries we tend to be competing in the military field, and we have to 
match their strengths. In the commerical field we tend to be com- 
peting with W^st Germany and Japan and jothfer nations that em- 
phasize commercial competition. So we are competing with teams 
that specialize. 

Mr. Shamansky. Dr. Stever, your .comments lead me to my* 
second question. I made rjotes during your presentation, and refer- 
ring to page 8 of your testimony, talking about the climate that we 
have here and you show a marvelous mith, it seems to me, in the 
^ J ^^H^^^'^^'^^^^^®^^ and engineers to conceive innovative ideas 
and the^Qomists and managers who understand the process and ^ 
can apply tho^ ^deas. It s6ems to me that you ^jescribe where our ^ 
economists and ntaimgers apparently haven*t done the very/thing 
you say that they hav^-tere. . . ' ' 

In other words, what gbo4^does it do* us to have greater produc- 
tivity if we don*t know wha^ iMs we are producing? 

Dr. Stever. I think we have rhade mistakes in the past, but at • 
last we are getting alert. For a long tiijie this country paid no at- 
tention to inflation, which has been one of the -biggest blocks to in- 
dustrial support of long-term projects. This country hardly knew 
about inflation untU the mid-1970's and didn t do anything about ^ 
It. When I was science adviser, the 0MB never permitted us to use 
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inllation factoid when'we put together our budgets. About 5 years 
ago the Government finally awakened to, the fact that R. & D/was 
affected by inflation, , 

I think there is a mood in this country that encourage'people to 
take the short-term approach, seeking payoffs over extremely short 
periods. This tendency ha$ unbalanced us, and we are being overta- 
ken by competitors who have longer term approaches So I have 
faith in our system. I have faith in the actions of Congress in this 
matter. In recent years. Congress has made efforts to analyze the 
details and dynamics of this international competition and ha§ con- 
cluded thJt we have constructed— not by intent, but by deTault— a 
bad clim^teJor industrial innovation. Now Congress is trying to 
correct it. I think this is a great triumph of our system, and I hope 
we stick to that cou^e long enough to make a difference. 
Mr, FUQUA, Mrs. Bouquard? ' i i • 

Mrs. Bouquard. t ask that my opening statement be placed in 

the record. , , . , j 

Mr, FuQUA, Without objections it will be placed in the record. 
(The prep£(r(^d statement of Mrs. Bouquard follows:] 

Statement of Hon. Marilyn L, Bouquard 

This IS a niosAcunous time, we are being told new things about the federahrole in 
science and tecHb^logy that even raise questions about decades of successful federal 
cooperation wUhYi^ustry and universities In the area of energy policy we are told 
there should be nt federal R&D support of fossil, solar or conservation energy tech- 
nologies The fedqral support of nuclear fission R&D is now dropping dramatically 
despite all the Aiministration's rhetoric to^the contrary about saving the nuclear 
* option In other Jivilian R&D the federal government is pulling out of proven part- 
nerships with inAlistry which are so important to U,S, preeminence such as in avi- 
ation which hasfceen a vital eleme>it or our international tr^de balance. 

I chaired a Subcommittee hearing just this week on the issue of electric energy 
systems and storage where the Administration is simply telling us there is no feder- 
al role in developing technology to transmk or store energy. * j • r i 

This morning I (im curious as to whetheV^ present and past Science Advisors feel 
that their job involves a determination of the federal role in technology develop- 
ment If so I am curious as to where the preseht science advisor has been while the 
fossil energy R&D was being put on a ^'going\ut of busine^ ' curve and other 
energy technologies, including nuclear, were beinff^^severely reduced ^ ^"J 

curious as to where all three gentlemen would stand on tjfe issue of funding and 
emphasis for magnetic fusion where the present Administration seems to be inter- 
ested in returning the program to a basic research phase, . • r u 

I want to congratulate Chairman Fijqua for having this first in a series ol hear- 
ings on budget stress I can assure him that these trends in funding for technology 
developmjpnt are causing me extreme pain. Perhaps, the v^ritnt^ses can relieve my 
concern somewhat with some frank answers. - , 

. Mrs. Bouquard. Looking over your prepared statement, Dr. 
Press, I notice the fact that you don't mention ^he phrases -tec^^^ 
nology development" or "applied research*' or the * D in ^. & D. 
I was wondering if the aqademy has interest in the Federal rele Of 
applied R. & D: through its affiliation with^the National Academy 
of Engineering. To be more specific, is there really any concern 
about the Federal Government getting out of R. & D. in such areas 
^s aerpnautics or fossil and solar energy? I notice this aspect was 
not mentioned in your recommendations. ^ .it 

Mr. Press. I think the Federal role in development is mixed. In 
the areas of sp&ce: and defense the Government is the sole custom- 
er. In certain civjrl technologies which are extremely expensive, 
risky and yet nationally important, like fusion energy or breeder 
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ftnictors, which we mny need iiV the nex^entury, private industry 
would tend to luuiennvest and One tni^^justify a Federal role. * 

Other areas, where one shoiild asC^the private sector to under- 
take development rather thari^ th^' Government, are those charac- 
terized by a more near-term nlarket orientation. The private sector 
might be better in judging the market and the timeliness of certain 
new technologies. , , ' ' 

• Certain developmental tecllnologies that are appropri^ate for the 
federal Government; other Federal developmental projects I be- 
lieve, should be a responsibility of the private sector and the funds 
thereby released used in support of the longer term riskier projects^ 
or for basic research. / 

Mrs BouQUARD What dp you believe the thrust of the magnetic 
fusion program should be?/ 
Dr }^ESS I think fusioA is an appropriate Federal developmen- . 



tal effort and could be an 
the next century It requi 
ing to achieve Industry v 



extremely significant source of energy in 
^es a great deal of science and engineer- 
ill not make the necessary investments. 



We are in a critical energy position and I think development of 
fusion IS worthy of Federal support. 

Mrs BouQuAKD I noticed that in the 1983'reqiiest by the admin- 
istration, magnetic fusion, is going to be 50 million real dollars 
below our I9S1 appropriation. What do you think the effect of this 
IS going id be*^ 1 

Dr Press I haven't seen the 1983 budget in this area so I just 
can t say Within the whol^e fusion program there might be some.- 
more promising approaches where you might say this is a high pri- 
ority approach, there is more chabce that it .will work, we are 
closer to a conclusion or break-even point, let s push our funds into 
rnagnetic fusion rather than laser fusion. I am not recommending 
this, but the overall notion of supporting fusion research is one 
that I accept^* — ^^ / 
Mrs. BouqWi). Thank you very much. Dr. Vrlss. 
Dr Stever, we are happy to have you gentlerhen with us today. 
You are apparently quite concerned about th^ health of Federal 
technology development and applied research As well as basic sci- 
ence What do you understand to be the basis for having the Feder- 
al Government withdraw from these traditional roles such as 
NASA has played in aeronautics and DOE and ERDA and the De- 
partment of Interior have played in our coal R. & D. programs? Do 
you really believe that industry is going to pick up this support? 

,Dr Stever I would like to build on Dr. Press' statement here 
There are certain areas in which the Federal Government has 
played the major role in supplying funds and in which I don't 
think industry can take over this responsibility. For example, I 
don t think, that NASA's aeronautical role could be quickly picked 
up by industry The life-and-death struggle of aeronautical compa- 
nies around the world requires tremendous investments in big 
facilities NASA has those facilities; it has used them wonderfully 
and in cooperation with industry for a \oj\g time, in a perfect ex- 
ample of the good kind of industry-Government cooperation. Mi\. 
GlK^kman had a session here 2 days ago in which several of us ap- 
pear^ along with a panel of top industry leaders in R & D., and 
all supported NASA's aeronautical role. 
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So 1 think, as Br. Yress has said, w^. have got (o look at each 
area sepJta-ately. I don't think in this complex matter we can make 
general statements and say they apply Across the board We have 
to look carefully at each area and make tUie judgments accordmgly 

Mrs. BouQUARD. Thank you, Mr. Chairi^an. 

'Mr. FuQUA. Mr. Flippo? ^ r i t i.^-- 

Mr. Fuppo. On page 11, Dr. Pres$, yau quote Lyndon Johrfsc 
and include in that quote, '^Johnson spdaks of finding excellenrcc 
and growing creative centers of excellence in every part of^he 

Nation." ] i. i 

You seem to be saying that that is a policy that we have followed 
since the mid-1960's. Is it' your current position that we ar^aolloW- 
ing a policy of finding excellence and gifowing creative ceiiters of 
excellence in every part of th^ Nation? ; u • ^ V 

Further, you seem to be opppsed to geographic distributions ot „ 
these R. & t). dollars, and I wonder if you would care to comment 
on that. I mean, does centers of excellence preclude a geographic 
distribution? y ^ , , j 

Dr. Press. During times of budgetary growth as we had unde;- 
the Johnson administration J think it was appropriate to build. a 
national network in R. & D. capability which included supporting 
the best institutions and building new ones in those parts of the 
country where local communities wanted to make the investment 
with the help of the Federal Government. So at that period in our 
history I thought it was the right thing to do. o u j 

If we are facing major budget cuts in the Federal R. & D. budget 
in the next few yeats I think we have to assign the highest priority 
to those institutions which are most efficient, which have the best 
record in producing scientific discoveries and applications, which 
do the best work. 

I think that we should have' two programs, one which recognizes 
the best efforts of each region of the country as well as a national 
competition for the best institutions, wjlerever they are. That, I 
think, meets the needs that you have in mind. . . , 

, Mr. Flippo. It seems to me that the concentration of the l^ederal 
R. & D. dollar at the pir^sent time may be too narrowly defined 
rather than being too widely dispersed. It also appears that a case 
might be made for a connection between the economic development 
of an area .and the location of what might be called an elite re- 
search facility. I thinMhere is probably some relationship. ^ 

Since that relation^ip may be argued to some degree, i don t se^ 
why the citizens of all geographic regions of the Nation should not 
participate in that, such as the great States of Floridaj^Tennessee, 
Illinois, Alabama, and other areas. 

I believe on page 19 you are suggesting that government and the 
scientific community get together and find a way .if transferring 
funds from the less productive areas or institutions to more*produc- 

tive ones. . • , . . ^ i r j ' 

I wonder who would define that productivity and I wonder if you 
would care to compient on the marginal productivity of a Federal 
research dollar at some of the schools such as MIT and Harvard 
versus a less elitist university area. Would you have any comments 
on such productivity? 



ERJC 



J3o 



131 

^ Dr Phkss Lvi ine"again remind you what my preferred policy 
^ \vould be I wutild like to si.v a national competition to find the best 
institutions N^herever the> are and commission research that could 
evaluated in any way that you design as long as we pick tl>e 
best places BuU^ecause I also recogni/e thet:oniiection between R., 
& D and ^regional economic development Ijwould like to havk at 
the same time a program of recognizing the best regional mstitu- 
tions in the country and supporting them as well. 
That part of m^nfestiQ^Ony that ^ou referred to described a situa- 
^tlon which is currently \^ry serioas. We are facing several years of 
budget 'constraints I thmk we must get through that period pre- 
^ serving the best of the Natioivs scientific enterprises wherever we 
find them 

Mr Fuppcx But according to your, testimony scientific R. & D. 
dollars have not been growing since then and we have been follow- 
ing this policy ^ 

Dr Stever. you speak on pages 2 and ^labout decentralization, 
about those in Japan and others who have told to y^u that what we 
nt^od in this countr> is morexlecentraliz^ation. You seem to be re- 
jecting that 

Do you agree with Dr. Press or is your testimony m oppo^tion? 
Do vou v\ant niore decentralization of the federal R. & D. doHiir? 

Dr SiKVKU I want decentralization in the selection of the areas^^ 
of research and development that are important. I would not neces- 
sarily decentralize the R&D. effort by geographic area. I am in ' 
' fiivor^of decentralizing with respect to where talent is, I think I 
agree w^^h Dr J^ress in this respect. And I think that, in lean 
times, distributirnj our research and development funds on the ^ 
basis pf geographic area or population distribution will cause us .to 
misuse some of them. In good times, we can work on that. 

You talked aboat the people of the country who should be enti- 
tled to be a part of it If >ou are talking about strengthening the 
educational institutions I would like to see that decentralized. I 
think many good minds per capita come out of every State of the 
Union, and we ought to make sure we are using them. In their edu- 
cational veai^ I think we ha\e to strengthen them. If }ou are talk- 
ing about return on the research investment, the quality, the size, 
and past^ record uf research institutions should be the dt'tei mining 
considerations. 

Mr Flippo I don't advocate allocating the funds purel> on a geo- 
graphical basis, but I would like to see the part tlfat geography ... 
plays considered and that has been a debate that has gone on in 
this Ciommittee for a long time and will probably continue. 

Mr fV(^i'A For as long as I can remember 

Ml Walgien'* * . 

Mr Wai.cjren Thank you. Mr. Chairman 

I wonder, as perhapsV a relatively partisan person, whether we 
. are saving the right things in living with this cutback We seem to 
he now opening a lea.s aht)Lit hou you are goin^^Jo allocate tlu^e 
dollars among the nioht (efficient lanovatoi of the most dficieot re- 
searcher And I lemrrnbei Mr Weber saving earlier this morning 
that he lelt that there vsould be little suppt)rt for cutback^ bevond 
w hat has,already been done m certain areas 
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' * What troubles ,nie ib wht;ther or not the science community is 
saying to the" Coifigresb and the public that thfere should., not-be 
these ^utbacls or are we spying, well, if we are/feqirig t^liave these 
cutbacks then we^vill allocate them between tke-'most etncient uni- 
versities and then we will get; inta a' Eig fight about wh<^s the 
— better university. - "^"^ ' "~ ' ^ . \. 

Dopyou feel that if is time for the science community to say v^y 
^ror^ly^d very clearly to the public that any reduction in Fede 
al research does a great disservice to the national interest? 

Dr. Press. I think fhe detennination whether this CQUiftry under- 
goes a high technology inSu^rial revolution depends Upon a strong 
scientific and technicaLbase. Not to have the vision to make the 
necessar> mvestments^to compete successfully in this important 
period in our Jhistorwl think is shortsighted and reflects irresponsi- 
ble leadership. / ' , . rr- ' r> ^ ^ 

Yes, we should /fifckle problems of waste and inefficiency. But to 
uaderiavest rn )fcs nation s science and technical base, people, 
'^cilities, and projects, I think is a serious* mistake. i 
Dr, STEVER=iJ_^ikoj^^^ ' \ 

^MfT-A^Bup.N. I remember some comment^ from the debate on . 
the NSF b^^get on the House floor and^mtttedly.we talk in per- 
haps sometimes nonsubstantive levels but>^e side got up and said 
\ let s sh6w^4:he ecohomic com'fn unity that we^e going to cut Gov-^ 
\ ernment spending,and getWk to investment Vpur society and so 
\ let s reduce this Nlational^ Science F61h;d^tioh bi%et and/t Will be 
.good for investment. Then.} the oth^r Mde get>.ul^^nd says lets 
IshoNjl th^ finanqial community in thi^ coUiHry that ^^re going' to 
incrie^se'iijivestriient in this pountry aind let'sS^ep thes^^oneys in 
the National Sdie iqe^Poiindation a^d .bljiviouslythese ai 
lem moneys that should be\spent. . \Aj • X 

What tijoublesln e is I hfeat samuch Mthe society^ 
tiiihly support the Preside|it|andVe ^^along with tW 




in vest- 



tying 



ti\i ily support the Presideht and we g^along wun tnEN^ 
plrdgram and yetlnt ny of th4 opinion f6rm^ in the dou 
w\^lk right lip to\t|i^|.fiar^ |iuestion an^ say 'he is just pfe| 



'side^ 



j:y don^ 

'^inVthis fnstance. _L I \\\~ r\ . ^ 

' rertainly Itopdj thb th^ scientific dokimUnity, if it beli^bvps tl 
.^ise investrnenti a^e n^c^ary, wilqsay tl^at he is jUst ph 
wirong in this ifi^te nW and that that [wrong creates veify gra^ 
dtrtger for oui: socle y as aj^ / t \ J i 

^Now, that is a ptirtisaXpqrp"^^"^-/^^'^4^ ^^^^ '^"^ ^ wanted to asj 
kher orlnotw&;ould^&^rately me^^ure t^e decline in the ir 

e NSF budm has beeri held dbnstarit and then the real dollar 
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any sWcificineasliifejT^ of that- iiec^line tha^ 
Ibe maqq, I c^tainly woukhappreciate^ it for the 

aUol whether or not we are making an ade- 
science to applied science, if that is the . 
<|to me one time that Britain is an exam- \ 
doh^\V?arlt to go down irvthat theV have very 
eiJy/ 4U)^ translation of that science jrilo' 
Iva^ jaiid that the people that were involved 
rot havKenough good scientific ki^oyvK 
til andthat: in the university levels 
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Britain the \Na\ that paitkaL: 
entet^-terrded to stay wUhin th _ _ 

Do we have a good effort lo-gik^t ^^gxti^made and in your ^ 
view IS this an ^rea 'tKat we sHtotird male-a special efTort'at this 
point? f I - 

Dr PrI':ss Since we ar^ rudning ^t_j3il.timer let TTIe^fespond 
briefly. Dr Stever wants tdxomhtent as well. ^ J .-^ 

I think we in t^is couni/ry kAow^asiwell as anybodjrthe p'rocess, 
tdr JranslatiOg ^ n^vvsrietnin/ idea from' discuv^f^y to^agpfi^^^ _ 
to % final produc^T5Qt-k BK^^^ tewTE^^iwSbte-- 
econS^ Ciimaie ihaTJ^n;^^ Qv" er the pas F ' 

-^^^"^'^SLii^^^ regulatory policy, a- relation- . 

^w;^ Government and indysto^ that is not adversaria' 
^nov^ow eicBtfeJn thi&countrV'today,/tl^ — 
^ 'h^t was g<>mg/to be nW,re^^ack#4oo 

Th^bnfe^S^^^' Walgrfen. _ 

i",^? me, and I tjjf^k mayFe JDr. 

\k imp^i^^ across-t}>e*oard cut& wJi'en 
S?/P&^^i^is ^^^dtjie same, which in^pl^es - 
t^things are ebuaf^^d^itj^^ 

tTig^om;d^XU^5ra1iTr^^ guilty oUt 

•Tbean^^nters to say they are treating^ 
\cern^jne^ea%^-w}T§5n^^^ our 
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^-apph3pi;fatfe^evels. To me * 



jpre- ' 




1 




'*§«^^^gumg,jiu^ not only in those fields^b ^ 

^^iSe^.5tiierb. It cun^nib me gr&atl^rf^we ^reJorsalsiQ^^ 

future. ^^^^^^^^T''^^^^^ \_,,--^r^*=*^^^"^^^^^^2^^^I^ - 
Dr. Stiver. -I wou^^s^a^afce a^toniriiSi^^^ to^ 

there again the Govej:ai^»l^^f^^O«^M^<^^2^^ - 

are qStfe..e^pi^^of d^ing vvliaH^^^^aJs ^^T^^g^gi^^ there 
areab ii>AvhTaf4]^\ 4^ 'selectivity Xi^^m^nti-^^ donTJ^^ 
lust sa> we haverto&e m.energy;^yx)U have to say we liay^^got to^be _ 
-^m 'this-paEt orJJiaLpartjoT eiie^^Ag^iiv I ^etet^et |0tn ' ^ 

"'of tliis view in Dr^^^^^biw^ v " - _ 

jXrT'waTit to thank botr^^li^^u. Before^^e ajJiqimn^ 

''mthuut ubjection; the formal statement^^members will he_^(^ 
cepted as part of ihe^^eord of tlie hearing;^ ^ - 

.-HH^t to Thank >iou, Dr, Stev,ev:ana,^^ ^^l^g 
time to beji^e.^l.thiftk-this hearing * 

:5ft'-theJ^83^6ttdgetryear-pnd the impact 

^ ^J^ou^SationaTwel^^ 

^^ahank^i^.v^ry much fqr^Q^ cpntEibution. 
-^te nieetingjis^^dj^^rnEdr^ ' 
fWlife^^c^on, at VLt^^^^J^^^s^^f^^^^^^i^^^ 
\ Ajdmgn^tecnPfgspofitJe^ 
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Hocsc 09 EtxpiuxBn'ATTm 
WAJUtcstrroM* iKC Mm 



•CIXMCC AWlXCHNOlJOOY 



AM* AmXATMM 



uJVc:v»5;, >ubricceAi '*x^ --chneider Co Efr, beorfte Keyvorih as a foUow-up to 
• hfjrioj on the i=p3ot <. ; t'^e current bud^ec stress or. the health of Aaerican 



hc^^^vV an<J ttfcnnMo^v on ^^ecen»ber 10, 1981. 



!•> thii» : ot ^^ud>:et cutback's, U^w can we ensure that those vho are at 
tbf bi'-iiinrnK C'l the sclentiric ladder, vithout a proven Crack record^ but having 
3 let o: prorldo. will be able to obtain funding? As vou knov. wlthoup' Inltlax 
iu;idir.A. scientists can rever build a tric)t record. I-*o ©spec la ll>yworrled 
about vocien jnd alnorit\ scientists who traditional Iv have had a t»r«r d If f Icult 
tine »bt3lnln^ this Initial funding. ^ . . 
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-^EXECUTIVE OFFICE OF THE PRESIDENT 
OFFlC€ OF SCIENCE AND TECHNOLOGY POLICY 



WASHtNGTON 0 C 20!M 



February 11, 1982 ' 



m 



Dear Don : 




In response to your letter of January 25, I appreciate the 
opportunity to elaborate on my testimony of Dkcember 10, 
1981, as well as to respond to Mrs. Schneide/'s question. 

During the discussion on December 10, following r/y prepared 
statement, I was asked if I had "recommended against the 
cont^nua^on of NASA's planetary program." As t stated in 
jny responVo, "planetary research/ planetary exploration has 
dominated tSe American space science program for more than 
the last de/ade. We intend to support a strong program 
across the^ree general areas of what I will call space 
science; pl^etary exploration, solar terrestrial science, 
and astronomy ^nd astrophysics. 

I believe' that in assuring the maximum exploitation of the 
shuttle/it will be necessary to place more emphasis on the 
solarrterrestrial science and astronomy and astrophysics 
areas, and that planetary exploration may, in a relative 
sense, decline as these othe^ areas take a larger portion 
of the space science budget^ Our objective is not to ^ 
dimmish the hignly succe/sfyul planetary eJ^^oration prog/ani, 
but rather to strengthen otner rich areas of science. The 
Gamma-Ray Observatory ^s an example of an activity which can'* 
accomplish this. ^ 

In my statement I did not intend to convey the impression 
that I had a specific -proposal, or 4ami,ly of proposals, which 
would illustrate such a program. X am working with NASA and 
the scientific commiinity toward definition Of a program that 
meets, this criteria. I am certain that we, the Executive 
Branch ^d the Congress, can work together to identify priority 
efforts m each of these areas that are''focused upon specific 
objectives ^elected on the basis of their expected con£ribCltions 
to fundamental science that will result in a strong and compre- 
hensive U.S. space program. 

In response to Mr^. Schneider's quest,ion, the Administration is 
strongly committed to supporting meritorious research proposals 
from whatever source. studies of NSF's peer review process have 
shown that th^ institution or "name" of the researcher does not 
substantially influence the award of research grants. 
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The Administration is also ty^Wi committed to fehe more 
effective use lof our na^ion^ai^resources. In^the area 
of science, this clearly ih^^des. young Wometi and minority 
scientists and engineersyVThe Adminisfrat/on recognizes 
various historical facyJts, such as ^ lacX of collegia! 
support, may have restf^t'ed .in underutili/^ation of our f^ill 
« manpower resources i^Ahe p\st. I have discussed this- 
issue with John Sli^Ughter,^ the Director ©rthe NSF, and I 
understand that h^^is working on ways to/promote gr^J^ter 
participation of minorities and women ^ science arid 
engineering. // 



Please let me know if 
or other topic 



you need further- elaboration on 
very truly yours, 

G. ^. Keywor-th 



The Honorable Do"A Fuqua 
Chairman 

committee on Science and Technology 
'House of Representatives 
-Washington, D.C. 20515 



/ 



/ 



/ 



/ 



/ 
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U.S. SCIENCE AND TECHNOLOGY UNDER 
BUDGET STRESS 



TUESDAY. FEBRUARY 2. 1982 

House of Representatives, 
Committee ON Science and Technology, 

Washington, D.C. 

ooTo ^r.^^^"^'^*^^ pursuant to notice; at 9:35 a.m., in room 
^^18, Rayburn House Office Building, Hbn. Don Fuqua (chairman 
01 the committee) presiding. 

Present- Representatives Fuqua, Roe, Brown, Bouquard, Flippo, 
Ghckman, Nelson, Shamansky, Dymally, Winn; Fish, Lujan, Heck- 
J^^^^P^^"^^^""^^' Weber, Gregg, Schneider, and Lowery. 

Staff present: Dr. Harold Hanson, executive director; Dr. Ezra 
Heitowit, science consultant; and Dr. John Holmfeld, science policy 
stall.. 

Mr Fuqua. This morning we resume the hearings that began on 
December 10 to examine the impact of current , budget stress on the 
vitality of US, science and technology. Frank Press's October Na- 
tional Academy of Sciences meeting on the science budget had for- 
malized and highlighted urgent discussion within the scientific and 
technical communities on how to best react to that.stress. 

D^^-^^^^^"^ December we received a major statement from 
^ f . Pi;^sident s science adviser concerning the administration's 
tview of how high priority science efforts can be maintained. Two 
former science advisers. Dr. Pres^.and Dr. Stever, raised some of 
the many issues always triggered by priority-setting exercises for 
science These include the need for investment continuity, the 
weakness of our foresight on what will or will not pay off, and the 
^unfortunate power of budget expediencies to dominate long-term 
decision-making for science and technology. 

The coming three days of hearings provide a' means to include in 
Ihis process an important dialogue between the scientific and polit- 
ical communities. We will have informal meetings as well and hope 
that a continuing close contact will be maintained. This phase of 
the hearing is especially significant as it is a direct prologue to con- 
gressional budget authorization actions which will be initiated by 
our committee in the coming weeks. 

Prior to those decisions, we need very much to have the benefit 
ot any ideas the science: community can offer us oh how to mini- 
mize the long-range damage to national sci^Mice and technology ca- 
pabilities brought about. ^y current budget. pressure. *We need to be 
made aware of any senke of priorities for use of scarce re&ources 
which IS emerging in jihe community. We need to understand 
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whether there is d way ot administering budget restraint which 
•will allow orderly planmfi^avoid wasteful fits and starU, and 
maintain the most impjorUtht of our technical capabihties for the 

'^^We^need also to lui^ei^and the extent of the disruptions and dis- 
locations which ^^^rrently occurring in the science community 
due to budget ^ipl^s oi the past year. This information is needed 
so that we can Weigh the urgency of emphasizing resources in this 
Sector as o^osed to the many other areas of public concern clam- ^ 
oring for attention. More than anything else, Lthink we need guid- 
ance from our distinguished witnesses conc^ning the impact on 
science of the nearly complete politicizing^ of the Federal budget 
which we have seen in recent years. X 

We are all politicians on the committee, so we can certainly un- 
derstand that hddget debates are a form of political debate, But the 
committee a\/o has a special stewardship responsibility or the 
health of our^ Nation's science and technolog)^ enterprise. We Jave 
seen too vWidly that when long-term science funding is coupled ca- 
sually to/fever-shifting short-term budget politics the res^lpvi 1 be 
a disas^r of uncertainty and disruptijrfn. The administ^on clear- 
ly has used the budget ^s the main vehicle for e^^ssion ot a 
bro;(a theory of acceptable government. ' i r , 

JThe debate? on that broad theory has been a >lMlthy one, 1 teel. 
And one on whjch. I bhared mW of the views of President Reagan 
I xannot support, however, actions in which the theory has beep^ 
blindly applied with a wastelul loss^f trained manpower and de-^^ 
veloped technical capabiliti4 or with neglect of needed long^rang^ 
science and technical investments for/national secvmty and3^A- 

being- / x ^ 

With generally goo/ results, thi/ country and its Congress have . 
never had much patrence with ecbnomic theory as opposed to hard-/ 
headed pragmatism!. To the extent that current science budgets ex- 
press economic /r political theory at the expense of wise steward- 
ship of science^nd technology i::esources, I think that Membep^ on ^ 
both sides afthe aisle will vyan^to assert the traditional mj6gma^ 
tism thro>igh congressional revision of administratioft ^4get prO^ 
posals. lliope the witnesses in the next 3 days will help ^ide xx^Ao 
areas where these pragmatic adjustments are needed. 
We are grateful that our witnesses jvhoju-e here to, 
^^'Ot^have a list of these witnesses b^r^J^^^ ^ 
n,QSseb mdividually and then have the questions at/he 
r think it^will help expedite the meeting this naron^ 
/think, many of the^questions have relevance tj^f&t pfayj; 
nesses would like to comment on... / 

(The prj^ared statement of Congressm^i^ry Winn, 
ing minorit5^member, follows:] 

\vStatement ok Hon Larry Winn, 3i 
Mr Chairman. I looklbi^ard to the three days of hg/ings that we have sched- 
aled on thi. topic this weelTA^ you Mo^v. we had onySay of hearings this sub- 
ject when Dr George Keyworth.^h(^ President's ScMce Adviser, presented a very 
i Ad and inoovative program and science pohcy of tj^ Administration 

Since that time, the National Science Board hyVeleased it^ latest volume ot sci- 
'ence indicators I think some of the findings inili at report are extreme y interes^^ 
log For example, national ^levels of basic resea^h activity, measured by funding for 




may. 
le wit-^ 
/because 
jut I also' 
other wit- 

Jr., rank- 



"^^"'^'^ "^^^ ^^'^^^ rate of increase 
IJM lli)wev,er. It IS iniix«-tant to note that we are 



(ifclmecl sofiiewh.ii in IMst) 

^\Vs1V/.J^tI^"^ n'^' ''^ '''''T*" ^'^ ^ funding TorT^isIc ^esea^crhls not 
^I ri^llJ^^^^ points out that industrial basic research^is on 

^ By 19M, ^dustry, which performs about 18 percent of U S basic re- 
Aearch^ ,s expected to spind at a basic research level about 37 percent more than in 
i^^:f<.r^T'r'^t t"^'^ Thi^^^science^dicators also show that indust y 

performs about -is percent^of our research and development efforts over all. I would 
f '.IT -^r^ ^1^^ ^^'^ incentives contained m legislation passed last 

' \f. rK ^""^!:^^fS' ^'^ are going to see ^beneficial increase m/his trend ' 
J/f. I hope that over the next three da^s, our various w,tn6ses will be 

u^n 7,\these trend. 1 confident that th% picture they 

will paini will bt» one of overall health for the U S resead^h and development com 
munity in general and our basic research efTort in particular ' * 

Mr FUQLT^ At this time I would like to call on our colleague 
from Alabama, Mr. Flippo. Do you have a statement you wish to 
make? • • 

Mr Flippo Mr Chairman, in the interests of expediency, may I 
tile my statement for the record, please? 

Mr^ FuQCA 'Without/objection, it will be made a part of the 
record . . ! 

[The opening statement.of Mr. Flippo follows;] ' 
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BY WW 

ilONORABLE RONMb FllPPO 
ilbARlNC.S ON 4J..S< SHKNti WO^rrtiy^LCQY^ 



fob. 



MR Ui\IRM\N. I vsanl to sa> just a few ^vords about why I ^ 
think these hcann^.- are important anJ uhat I thmK we ncea to 
acc^jmpl I <;.h. 

We ill knovs there arc pressures to reUuce the rcdcral bud- 
get vsith the \crv vsorthuhile goal of getting our economy under 
soutiol Ih' Kf,0 budget is discretionary and can be cut. 

So tluo.:j:h 'heaimgb Aith as these u» need to kno\> what uiU 
happen-it wc ledu.e !edeial fuiuUn^i f(<r Rf,D. That is, we knou 
that oui K.^Ii Muccsscs of the past have ^ 

oo^rioni^jOjen^aiL^^ that.tho supplyside 

'TTirrtTTrSrT^aU^ the .K'deral-4..a^n;nn oXl^t possible 
ncvi.Uive impa^.ts .>f^tuttui>; jirogiarrO 

In other uords we mav decide to cut the bud>;ct , but let's 
Jo it ca^cfull^. LpV^ know what needs to be cut and why. 

' M^t iH-.er.ber 10 J Pi evident la 1 Scien<.e Adviser Gcor^ie Kcv^'ort 
* presented the i ni s t ra 1 1 on philosophy with respect to the R^iU 
vfudjict With all due rosptct, Or Keyuor.th's sta'toment left some 

^ There ^eems to be some \onfihsion between ends and moons or 
between mduator. and root causes m the thinking presented on 
December 10. let ne be specific. 

I^irst, Dr. Kevuorth sukV-^s that the healHi of (K S^. science 
can be measured -in pa 1 1 by the numbei^of Nobel prizes won. 
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Of course that is in part true, but it is not particularly relevant 
to^^^ft=K5xiii£45Uon of the .1983 budget. The Nobel prizes v.op in the 
IdSt scveial ye^^- -and the U.S. has won many — were awarded for 
work donp earlier and .funded yet earlier, perhaps 20 years ago. 
So the real question we need answered is, what impact w^ll the 
1985 budget have on Nobel prizes in 2003? 

It is interesting that much of the work which resulted in 
recent N'obcl prizes was, done during periods of high growth of 
Federal funding of I mention this because Dr. Keyworth made 

the point that in times of high growth we nay not do our best 
science and that the decades of growth of science funding are* 
over. Yet Dr. Frank Press testified at the same hearing that there 
has been little or no growth in the buying power of Federal funding 
of R5D for perhaps 15 years. So it is not clear whether there is 
any connect n>n between growth, past Nobel 



' There seems to be some confusion here. Growth per se is neither 
good nor bad,, but if we need more R^D, the budget may have to grow. 

Of course if we need less R^D the budget may have to shrink. 

This brings me to another possibly misleading statement. 
Dr. Keyworth said budget cuts could be good for R5D if we make them 
wisely. This is because the average quality will go up if the weaker 
projects are cut. Again, this is true but not very helpful. Earlier 
in ray career I was an accountant. 1 know that if you strike all 
the STaaller numbers out of a column of figures, the average will go 
.^Pj but the sum will go down. ^ * 
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So Dr. Kcvwonh's amuncnt jbout aveidgc q«a\ity.,is not 
o.ro.uUv infowative. I'f all v.e wnmed to do was raise Jhe,r 
average quality v.c v.ould gne one grant to Albc-i t binsteu. and 
stop. But :.in,.^wc fund UO for various reasons, -we need to, 
-uoK at the total profram, at ^/hore is going and why. Worry- 
ing about averat!f quality again confuse, ends and means. We 
-houia relate cut. in Rf.l) to national goals, imd for exanple 
v.e >houU balance the need to improve productwity through 
I jsainst the need td* i educe the. budget. 

V ^.•.emi I'.sue related to quality of science was discussed 
tVt..«Vr 10 in a relat>velN unfruitful way. There was an attempt 



distribution -of funds " Pus is a la?^e appos 1 1 ion . >-ha t we in 
the Congiess tend to be interested in i. the geographical dis- 
titbution of ex^^ellenc^. Ke believe this Is possible and desire- 
.1.1.- lieMuaf.le besau^e tlie conduct ot RSO piovides bene/US 
to the locale vstu-ie it i,s done. ' , ^ 

Of ..-ursc lederal funds are the means to achieve this desije- 

J,nlus.on doe. not help us work with the 1J.83 budget. 

M,. (ha.rman, this statement has been over lohg, Jnit 1 think 
the hea.uiKs are ver> important and that .several areas of confusion 
need to be- clarified^ So 1 thank you for bearing with me, and look 
toruard to the testimony. 
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Mr FuQUA.M will now call on our distinguished colleague," 
George Brown, to present our first witness. 

^ Mr Brown Mr. Chairman, I am grateful for the opportunity to 
introduce Dr Saxon. He is a distinguished scientist who serves as 
head of what I, of course, consider to be the greatest university in 
the country, the University of California^ut I am sure his views 
are not parochial, since he owes his own education to another great 
institution, MIT,' which I suppose can makfe some claims to quali- 
ties of excellence. ^ 

I should point otit that Dr. Saxon also spent most of his academic 
career at UCLA, where I spent more years than I like to recall. He 
has done an exaeljent job_a^JJie5I¥ikesma 
TfiYumfy anailfie scientific community in many areas. 

It is a real pleasure to welcome his contribution to this extreme- 
ly important national, political issue of how we deal with the fund- 
ing of science and technology in situations where v^e have a great 
scarcity of money for the funding of all the important things this 
country needs. I look forward to Dr. Saxon's contribution. 

Mr. FUQL>A. Thank you, Mr. BrowA. 

Before Dr Saxon begins, we wpuld also like to ask unanimous 
consent that the statement by Congressman Winn be presented in 
the record following my statement. 

Dr.- Saxon, we are very happy to have you here today. 

[The biographical sketch of Dr. Saxon follows:] 



15U 



Born I 



wife 





'ipn\l4boratoc/f^^assactyjsects Inetiitute of , 

, Ok ^ I- < ^ 

Associi te (l^hysicist* PhxlIxB^ Labor « tor N^W.YorW ^ 
A ssistarvt, Professor 'of Ph^^ci^ University ^{ Cali£arnla, Los "ftngeles 
Physicist^, jNational |Bur«auho^xSfc(^ndarcJs and Visiting Associate 
Jrof^ss^rif; Mniversity of ^uth^t^ 'C^iifornia ( 
Assistant P)i/ofessor jto' Prokcsso'tVxUCi 
Professafsof Physics » UCLAi 
qcan of Phi^^cal siciences, l*CLA 

Sfxecuti^e vice C)5Ancrllor» UCLA - i 

>*resicle;jt |bf the Un'^verisit^ (b^Carte 'tht i4th, UCN^i^Bidfcnt) 

:a<!kclaxc ^'ielqs 




Igua^tum qe^hanic, 



Tiieort tioi^ pnya^e r.aclear j/hysics, 
^ ^aory 

Awar'^^: 

c|ugg*r hetTk FelioW at the Instjltutc ofJ^ciSret ical Phytlcs/in Copenhagen (i^sfe 
< uggerhein fVlio'^ at the Vniwkts^tXf^ Paris (^961-62) 
1 ulbright Awar(iK/(l?6>i:2^ , ' / ' ^ , 
Itistirguisehd jWate^ing f^Hflr^f l fCL^/n967) 
1 !i5|)or.i ^Ly- A^tcniia^ of"^L^ by t^e ^aumni Association (15 
i.waf^ea degree /of -foct&i^ of tJa^ne Lettets» honoris c. 
Unica ColWgt-JeWish ^n^itjute of Re^i^ioij (1976) 
iwaideJ an hp^o^ar i' Doctorafcii^of Uuroant Letters by University of Judais^ 
Jonorajry Do</tpratfr of Laws byUi^^ivfersity of Southern ^iXiloEnia tl578) ^ 




Konora 



Kenit ership^: n . 

Amerioin VhysicaX^ Society 

•^in A'ssociaturn of P^wsjics Tea^hecs 
=(in/;^nstitute oK^'hy^ic^s' 



Amer ii 
Xrner ' 
Sxgrsa' 
Cohst 

Corporai:ion of the 
(governing board 



:cl//and Sigma Pi Sig^a 
tuft 



of Science 



ity-trf JffFitish Colunbiv^i (1980) 



txonal Rig! Its Fourtdjition ' 

MassaCfiusetts Institiute of lechnolog^ 
^^977462) ^ 



Pu)f>Iic'atidns; 

Ccmtributos of laany articles to professions^ 
^author of several phvsic^ .texts. 





in his fleld^ 
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^ STvfkMICNf Oh' UA VII) S. SAXON, PRESENT, UNIVERSITY OT^ 
' _„,_;^^1^^^0IL\1A, BERKKlJlY, CALIFORNIA 

PfSAXON f^m verv gratefWio^^ 

' Chairman, ^""^^^""T"^ 

lave submitted jn aclvance a prepared statement of some 
iength^d'with your permission.! would like to offer that. 

Ir FuQUA Without objection, we will make the statement in its 
eiitirety a part of the record. If you wish to summarize and-mtrSe' 
additional comments, we would be mo^ grateful. 
Dr. Saxon. Thank yo.u. That is what I^oji^oT" 
I am David Saxon, presidenpiSffiTUniv^^^ of California 
^ which. With Its 9 campugfisril^medical schoolf?>it^ 150 organized 
^earch units^^ii^ntS^ national laboratories is all by 4tself a sig- 
niixant^iarforthe scientific capacity of this country. 

most other research universities, whatever the source of 
their g^ral support, our capacity for' scientific research and ad- 
v^ced scientific education is utterly dependent on continued as- 
sistaite^ from the Federal Government. It is from that perspective 
that I want ib-^e you my viewsj)n,the condition of scientific re- 
^i^ch and ladvafK^d scientific education in the Nation today. I 
wah^^o do so in the perspective of the next decade and in the con- 
text olsthe policies of the Reagan administration. 
Among ^le topics I will touch on briefly are the importance of 
^cience^^ concern about sustaining it in 

-rnJenoaoTret^chment; the need to educate the next generation 
of scientists and^^ineers, and the next after that, the need for a 
national forum to develop guiding principles for science policy; the 
ne^^d for appropriate levels of sujipoFtr pubiitrand private, and the 
need for aJreLeJiowof scientific information. 

-jPf^sident Reagan's science adviser, my former colleague, George 
Tieywprth, emphasizing the importaTice to the Nation of the scien- 
tific enterprise, said to this committee last month: 

The Reagan administration places great value on our country's scientific and 
technologictif strength Supporting scienc^^ is a necessity for all great nations, and 
e^rtainly lor the United States Success in achieving virtually all of our national 
goals tor the IJhOs—more vigorous economic growth, enhanced national security, a - 
stron^r cdn^titive portion in world markets, better health and qualtty of lif^ for 
all of ou^i^f>le~will depend m large part on knowledge and technological develop- 
ments whichs^n only come from scientific research. ♦ 

ThaUis vvWDr- KeyVorth said to this committee, and I could 
not agree morl^ ^with his statement My concern arises from my 
.skepticism about whether, within its overall program, the adminis- 
tration will succeed in sustaining scieQce as a vital' national effort - 
or whe.thec oy the unintended side effects of policies directed 
toward reducing the-relative size oCthePederal Oovernment, some 
seri^US^ co^y,-aTrd^ven permanent damage to scienceyyilLi-esult 
We are all aware, of cpurse, >t^the,Eresident^ efforts to control- 
the growth of Fed^raLjexpejiditlires and indebtedness^ efforts which 
^^^^^^^^^^jreantended-to free resources to stimulat-e the economy. At least in 
» the short run, the (Economy is in recession, a situation which makes 

(he President's task Aqre difficult as revenues are "reduced and 
.money remains expensive'^ Nevertheless, the administration is oper- 
ating on the expectation that its efforts Will be successful and that 
a surge in production will begin. Therefore, it seems t 




That are 



be 



, [li^^^jHe. to reauce current su 
toT^S^^uiV iv^ectrehM^eft the n^is of that rcsear 
needed in the future It does^not m^ke:^nse to- reducegji^Jport that 
wuiblet. btudeiitb tu attend cWege. anas^articul^rfS'^to continue 
studv at the graduate Ie\el 'it dueb|not make^i^ to dimmish^ 
sources available for ehe nuichjeedi^^ scientific 
jducatT^^ fi'O"^ kindergarten to 

UfaHuateschool. >^ \ i - 

ft doeb not piake.5>enbe to imm>g§, bx selective budget cuttin^.<e- 

ciMOUiwabout what part of tk$ scientific ^ndeavor^ sHould>^ sup- 
purted v^ithemt the.mubt ^^fuland extensive <ronsult4tion and dis- 
-cu^feiuZiidt-de^^ rnak'e sense to force on the Stat^ cesponsibil- 
--ific^hlir thev arej^j^le to meet. 

FfcmC^n^Beisip^tii^iT-L^e^^ administration that corrrectiy ex- 
pest^ranS^iy^ demands, much from sdence and technology but^ 
. vi.U>h<ut mak^l^ft^jiiaBl^ the kind oY ^pporT needed if those ex- 

I knuN^hat thib a^mittee is-lriindful of the tjght^conjifiction h^- 
lis iSincerns Americans-science' anHTechaology and 

4b^-*?dti^n33n^'tfte ne^rt generation of scientists and 
^j23ifl*inciantid, particularly for graduate students, 
^ 5TTTarrert^ia)m^ cannqt afford rojgnore. 
The-Guarantee^^fudent Loan Prugi^ar3vti"major source of sup- 
rt for graduate students, is^cntical t«L tnaint^ning the vHtAty of 
advanced education in the immediate^ Cutur^ In 11)80-81, for ex- 
\ ampKmpriMhan a quarter^llhe-graduate^tuOfents at my univer- 
sitvTrec^vi^^ tha^t program The idea of barring grad- 

-.r'-r^^te'^'d)^^ from eligibility is not sound policy in thaiaee^con- 
i J * t^ednatio^al need for their educatioiv^^^...,^--^^^ 

1 >lM)'vvannto. emphasize an important link between the health 
ot aurScientifi^centerprise^d the whole question^ of access t4 
hi^hef edil^ation, The need to assure equal educational opportunity 
IS more tha'lv aN^iatter of simple justice. The truth is that we 
cannot afford tb oi^l^ct any source of telent. 
There is also a ^reat^ne^yKorlmpiw^jQafia^ science and math- 
ai ull levels,-a neeTthat is fortunately receiving 
Ilii(iU trjum tht^'*S{iites^he^ days, including California. 
\iiij:4*-STOTTdH^ the States /tnust face, it may 
r^possibie to rely solely on local |ffortsJa-^i^eOTTr 
©yementsJjn -nf>r opinion, th^? Ped^f^l Gov( 




my opinion, tne i^:ea^-aj uovern- 

ment^ m cuOptjratiqn ^^Vit^i the States, should retajn a subs^tial 
role in tyicouraging this so?t<if educational effort. / 
Jjuent^ves arid inducenK^ntstt^draAv-taletited ypung people into 
■^"^^cientific^TObearcti are also necessary. Fellow&hip lirograms are val- 
vua^^, and\ffective. I afii encouraged^to hear df proposals .from 
kher^Goveminent agencies as well as froh^the/private sector for 
UirMet*?d fellavHhipJ:' with stipends that are re&Uslic for tti^se times, 
^injJ_ux|^<M^^v^ w to give COhllnU^d al^l-ui -ioB-toihgvital- 
itv oi the mtao^^^ciiiui^^ science education ef^EJrt 

and especially its felS^^^ip program., / ^ J^-^" -^^ JX. 

' The most important 'ifttj<^tive for /oung {/eople to pgrsu^-t-he . ^ 
rigors^uf a bCieritiricX4ucatibn^b the vigor ^hd exciterti^nt^f Itie^ 
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. riM-+u4mi\t*i«*4t> depcirtments and laboratories. In 
ectiun. the cun^it^iVm^rfient of fiscal uncertatntx^re- 
upport for science ib surel>^-sidng short-ter^udaixiagelo--. 
perhaps long-term damage^ tot)>v 
J* ^rsity of California, the case I Kbo\y best, we estimate 
mce t1i<i^^^h>s,age of the continuing resolution last December 
our overall res^jK;Qh support from Federal agencies m fiscal year 
U)"^:^ may decline a^iuych as $25 milHon in current dollars. In the 
face ot mnatiun, we estimate that the, effective decline in'purchas- 
ing povv^r for research fronNlscal year U)8Lto fiscal year 19«2 is 
^10 percent of our Federal r-sear?rh ^support. Thivi^ the equivalent 

ots>b(» milhoA^ iuueiU dollar^ -: . 

M5-^i5^ared statement^wRicr I mentioned earlier, con'tains ex- 
[nples or h(w these cuts are affecting our campuses and laborato- 
ries ^^boijieom^^i involve two or three people; some of them in-, 
volve hundreds: oP-p^ None of the cases I cited are going to 
- bring the^atiorr^^^?it«Ice^^ to a. grinding stop, but the cumu- 
lative cost to^the country BHenn^ of wasted time, wasted effort 
and lost mornle is enormous. 

Difricult cuVrent economic circumstances may be, thelneed for 
stability' and continuity is profound I hear that every whjere I go 
talking rcv^ancol leagues about the current situation. At Uie same 
time, we fn»f>d"rWii£j^ed and cooperative effcol among government, 
indu.^try and unrv^frsrfck^ develop science policies, and plans. The 
-National Commission on J?t>.Si>arch has recommended the creation 
VJt::^4CrH"^ that uill includ^^pin?5;^itatives of all interested insti- ^' 
.ttmon^i .support thi.s idea 

treed a principle of reliable support.^^need some under- 
^nidin?,VQf the desirable mix of Fundamental reseSreh, applied sci- 
ence, and dev<i|opmenrrWe need a principle to guide uk in dete/- 
rrnning the If)ng- and^the short-ternr pertinence of research We 
need a principle of bctlance among public and private igencie/to 
^ustam diversity of support as well as balance among ^erforivfers 
hmaUy^^ve need a principle that assures that excellence pr/vails 
"-*n:^^political and geographical considerations, 
^^i^r^^^^"^^^'^^'"^^ ^ind the administration will take the lea« in es- 
tab,]^t;Ttfig^ to help us clarify these importantyfnatters. 

i7re^^atlona^^\c5d^- of Sciences has a comriiittee which is look- 
verv1itu:d at tKiS-^^l^sti^ f '^^^'^"^"^^---^ 

One of the qiit-^^ti^ius tl?a^=?s^^ beVanswered is, How much is 
enough when we talk ai?ouiMipp§ft-<sclence? Dr. Keyworth is du- 
bious about what he^calls arBrtt=a^stanat^ support, such as a 
percentage of the gross national p?5dtJCt/F^^ abbut 
the iT^v^l^quality and. the means for/^>mlj^ati0^^ that 
h> ompha?l>mnr^e apparehtly arbitr/ry charact^^, sucKS^d- 
ards, he directs^ention to the wroncf issue. 
^^The bast evi/ence thabEi^deral support for b/isic scientific 
ser^reh f ields ^\«rk of high quality ii^ the overall kiccess of our sci 
entilic enterpiLUse It is ren .rkable, in fact, that/so much has been 
>mphshMd. giVtnvJjieobstacles tlTarTmtstJbe/vercome. The Asso- 
ciX^on of Arneiican UnT^^M^ios and the National Science Founda- 
tion, N<)r example, have documented the obsolescence ui-scientific 
eqnipmf^H^and instrumentation in universities compared either to 
industrv orTK^ther advanced countries. 
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Thv same pn^bU'iu \t*^ardHig facilities has been documented I 
am convinced Ahat \%t^ are unable to support, through Project 
awards, much proposed research that would be valuable And 1 do 
not think we are supporting a great deal that is not worthwhile i 
therefore hope that .the country can find a way to accept present 
it-v^ls a^ a minimum. basefihe. and to plan on a rate of real growth 
ot i orSi percent per vear for thenext decade, as suggested to this 
committee bv Dr Frank Pre>s. Sach a slow but steady rate of 
growth IS a prudent approach to the freed to absorb new investiga- 
tors and to allow for ^ome predictable increase in the fost of instru- 
mentation and equipment. ^ . 

I ali^o agree with Dr. Pres^ that government^ and academic sci- 
ence should seek a compact with industry that will^ lead to in- 
creased cooperation and funding from that sector I llimk that fur- 
ther amendment of the tax laws to accomplish thisr purpose, is de- 
sirable, but It IS verv important that it be understood that support 
trom private sources can never substitute for Federal support. 

In my own institution we receive a great deal of private funding 
\Vr work \er\ hard tu get it. But all of our research contracts from 
the private sector, all of our grants, all the donations of equipment 
and (elluvv^hips and unrestricted funds from industrial firms and 
their foundations amount to 3 percent of our research budget That 
amount will nut grow much m coming years It cannot make up for 
drai^tic cutbacks m Federal money. Federal money for research, for 
education, for»student support. . . 

It IS important that those of us who are committed to sustaining 
scientific research, education, and training also support the institu- 
tional needs that .permit the system to work. Such support should 
be linked to performance, flot serve as a program of Federal subsi- 
'dies to uni\-ersities as such I am thinking here of something analo- 
gous to the management allowance that is paid to those institu- 
tions that operate national laboratories for the Government 
• Such- an allowance could *be allocated accordiug..to the schedule 
related to the total amount of federally sponsored research under- 
takenA^uch an allowance would permit much more flexible and ef 
tective jnanagement of the talented people, ranging from the busi- 
ness officers and machinists to the senior scholars who make the 
system work 

' To return to the^question of how we assure excellence in a decen-- 
trnli/ed s\stem driven bv competition the competitive ^project 
K^rant method >hould be the core of the system^ The introduction of 
the understandable political need to distribute resources by some 
standard of equitv r^mon^ regions and institutions rather than by 
the standard ol sc/entific extellence would be most unfortunate, in 
m\ \iew Fo! th/t process can be carried out only, at the cost of 
declmmti quaht\. especially. I must ^mphasize, under circum- 
stances of economic stress , 

For thus*' s'ientific estabushments ^uch as the national laborato- 
ries a!i(l we ha\(^ lour ot them under our jurisdiction— which are 
maintained uii a U^^^ comf)ct*itivc basis, the operatiu?^^ mstitutions, 
together with the sponsoring agenc>, must be L.epared for the 
nu^si rmorous scrutiny In the large laboratories n.t' University ol 
("ahtorma opeiates for DOE. we maintain a system of oversij^ht 
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and scientific scrutiny that we are confident does a gStMoD 
quality control It has not been^^easy, but I believ/it is worl^t 
i'lnally, I must say a word about the value of the free flow of 
entific data and information that is so typical of American scie/ 
1 am convinced that it is a necessary condition of our succes^n 
the past year a controversy has developed within the Government 
between Government agencies and universities, that poses a seri- 
ous threat to this scientific openness. This controversy arises from 
a justifiable anxiety—and that word ^^^stifiable" is used advfseil- 
ly— about the rapid technological a^ances on the part of this 
^-v^ country s political adversaries and e^fenomic competitors. 

As you are aware, university-be&ed science and educatton^are 
open to foreign students and scholars, and American scholars ^ 
students frequently cooperate with institutions abroad. It is being 
proposed, then, that export control regulations be revised and in- 
terpreted to apply to various research activities in universities in 
ways that would require restrictions on persons and papers— pub- 
lished paoers-that we cannot implement or accept. We believe 
that to do/so would so inhibit and interfere with the conduct of re- 
^ search and advanced teaching that its cost would far exceed any 
benefit in terms of slowing the advance of other nations. 

I believe there is a solution to this matter that would involve a 
reasonable mix of some security classification, some immigration 
control, and some good faith, and I know that responsible officials 
are working for such a solution. I hope that political rhetoric— on 
either the universities^ or the Government's side— will not destroy 
this process. - j 

Let me sum up, I am encouraged by, the administration s avowed 
. poUcy of support for scientific research, but I am concerned th^t, in 
the process of cutting support for students and for research, serious 
damage may be done to our scientific capacity. 

Maintaining our ability ^to 'educate the next generation of scien- 
tists and giving appropriate attention to encouraging the work of 
the current generation of scientists are b^th important. The Nation 
needs a better and more orderly means of making science policy 
and planning for the future, one that is adapted to our pluralistic 
systen;! It must be capable of providing guidance on reliability of, 
^u^qrt on the mix of basic and applied research and development/ 
on >he balance ramong sources of support and performers of re- 
search, and the on the means to assure excellence and pertinence ^ 
of work. . 

The counti>'^^ scientific capacity needs predictable supperTthat 
provides for up-to-date equipment, adequate facilities, and some 
growth Finally, I believe that sustained excellence in science is of ^ 
the highest importance lothe Nation. ^ 

May I thank you again for^he oppoflunity to appear before you^ 
I hope my remarks have bee^4i[^pful, and I will be pleased to re- 
spond to questions in due^edurse. \ 

Thank you, Mr. ^h^rman. \ 

[The prepaced^tatement of Dr. Saxon^Tollows'l 
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SiATKMfcNi UK l)u David S Saxon. PREbiuENT, University of Cautoknia 

1 «a David Sajcoo, President of the llni;yfersltv of C«Ufomia, which with Itl^ 
nlae caa?u»es, five heal:h sciences schoi^^, 150 organized research units, and 
four aatlonal laboratories, i» « significant part of the scientific capacity of 
this country. My colleagues on the Board of Regents, the faculty, the adainistra- 
tlon and I are always conscious of our responsibility to help naintain the vitality 
of the nation's research capacity and to constantly renew it by educating younf 
peopU to becoee fruitful ^=bers of the scientific and technical coicnunlty. We 
are also cotaaitted to the use of this gredt capacity In the service of our own 
state »nd of the nation. Although the University is Adequately •upported— and 
even generously supported, speaking historically— by the State of California, our 
capacity for scientific research and advanced scientific education is utterly 
dependentUf'^concinued assistance froa the federal governacnt. It is froa- that^^^ 
perspective that I war-t to give you ay views on the condition of scleripe^s an 
endeavor of great cospleatitv and strength «nd of g^eat soci^K'cultural tnd econoptlf 
value— but an endeavor which Is far fron invulnJ^^tfXT to daoage and decline.^ 
yant to dq^^so^^i;j^,;he perspective of^^^ive^'next decade and in the contexa of the new 
poli^lest cctaing fron the><i«frnlstratlon of President Reagan. Specifically, I will 
touch on thei-^i'Towing points: 
^^.^-^ThT ioporcance'Vd i/tility of the scientific effort to the covaitry; 
•ay concern aboot' sustaining science In this period of retrfenchccnt ; 
Ajlgns of disruption in the scientific enterprise; 
y^/,the iaportance of the ^du<;i*tion of Ehe next generation of scientists and engineers; 
•support by private enterprise; 
•appropriate level /i support;' \ 

• th^ need for a national forun to develop guiding principles for science policy; 
•t^e\De«^ for ^ free flow of scientific information, f 

■ \ 
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I «a fratefui to this coxaalttte for the opportunity ^ij^,;«pe«k to you today. 

On Deccaber 10, =y foracr colleague, George Keyvorth, Director of the Ofp'ce 
of Scieace and Technology Policy, aaid to this cossaittee: ^ 

'The Reafan Adain is t ration places great value <?n our country's scientific 
and technological strength. Supporting «cience is a necessity for all 
grest nations, and certainly for the United States. . Success ir5 achieving 
virtually all of our national goals for the 1980$— oore vlgorows econonic 
growth, enhanced national security, a stronglr cocpetitive position in 
world aarkets. better heaUh^and quality of Ufe for all our people— will 
depeni in large part on knowledge and technological developtacnts which 
can cooc only froo scientific research. 

* ^^^^.f^*^ factor in dete raining our ability and readiness to ^ 
• ^^t the probleos of the unforeseeable future. No one can tell at this 
tloe what all the problecs of out aociety vlU b«. |ut we can be sure that 
wy of thea vlll be Inextricably tied to science, and that our future 
probleta-solving capability will depend on the depth md breadth of our 
scientific knowledge, particularly upon the type of breakthrough that coces 
froQ basic research." 

I could not agree do^^c with Dr. Keyworth'a assessa«nt of the" ioportance and 
utility^ of the. scientific effort of the^country. I so j^ratified at hlfr afflmation 
of the^presenfadninistration's >igh fcvalustion o¥ the Importance of science and " 
technology. He went on to aay that, "this Adainiatration vieyOasic raaearch as 
a vital Invescoent with good return and believes that, as a contribution to overall 
national aecurity and econoaic strength, we oust ^naintaln health acroas the spectna 
of science, striving for excellence in all these fielda". I believe we can all ^ 
agree with s an assessment. /' 
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My concern *ri«es tloo oy «kepticlfa »bout whether, within it«^o^»<rall prograa, 

She Adsinistr«tloo/^ll succeed in 5u*t«lning science «« a vital nation*! effort or 

vh*ther,v]by the wntnteaded side ef f ects^^jaJt-policies directed toward reducinj the 

relative size of the federal 5ovemaeat>- soae serious, costly, «nd ever, permanent 

4aaat«i to acience will Ttsult* 

It ia iaportant to reoeaber J^Mj^^^^^^SSfentific capacity, «s developed 

ever the past three or four decades, ia an accooplishacnt unique in history. Its 

vigor and excellence are sources of great national pri^ and strength. But it is 

also icportant to appreciate that Aaerican science today Is troubled by scae grave 

difficuitiea in terns of attracting enough new talent, obtaining required instru- 

acntaticsn* and providing adequate facilities. These difficulties are exacerbated 

other and related national problcas. Aaong those problems are a national 

industrial base that is plagued by obsolescence, capital shortages, financial 

uncertaintitfO and of course the nation's econonlc troubles generally. 

We are, all well aware of the President's efforts to control the growth of 

federal expenditure* a nd Indebtedneas, effort s which are Intended, to f rea resources- 

^ to stlsulate the econoay's productivity. We are now In a period of larga reduction 

in federal progras budgets—a period that is expected to continue for a while yet. 

At least in the short run, the econony Is in recession^ a situation which oakes 

* the President's task, even =ore difficult, as revenues are reduced and aoney rcraain^- - - 

^expensive,' Nevertheless! th^ Adalnlstratfon la..iiperotlnirdn' the expectation that , 

* — — « « . « ^ 

Its efforts wiUJ>MU«essful,'and that a surge in production will begin. Therefore, 
"^TTseexas to oe particularly unwise to oake drastic^^cu^?^ jtist those prograsfs th»t^ 
aa Dr^ Keyworth points out, artf vital to the ecpnotay's long terra health. What I 
have in oind is the nalntenance of a vigorous fundamental scientific capacity. 




"including «s a crittc^l elcBent the capacitv to eti^cat* younj people scientTsts 

■•<»•*» ' 
eajlce^M, and' technicians. I believe that for these reasons resources oust be 

available to assure the education of yoxng scientists ^d to klep the country's 

' e 

basic research effort vigorous. 

^ In abort, it does not cake sense to reduce the current support of scientific 
research the results of vhlch vill be needed "in the future. *U dOe\j not sake sense ' 
CO reduce support that enables students to attend college, and particularly to 
continue their studies as graduate students. It di^es not^ fike sense to diolnish 
resources available for laproveocnt of scientific education throughout the school 
avstca. Ic do«s not sake sense to lapose, by selective budget cutting, decisions 
about what parts of the scientific endeavor should be supported without any con- 
sulcation or policy discussion. It does not =ake sense to force on the states"^ 
responsibility for expectations that they are unable Co ocet. 

Thus, frott =y perspective there seem to be mixed signs and portents ^n^' ^ 
Adainistraclon policies affecting science and technolTgy, parti^cula^ in univer- 
sltlcs .__I^s«e=r'ro''se'V an Adoinistration policy that oakes^deiands on science and 
technology without oaking available the resources. nftetfeiTto oeet those demands. 

Members of this coral ttee are certainly aware of the Importance of universities 
in the performance of basic science ;[n 'this country. For the past decade univ^- 
slties have consistently p«^«rt^«bout half the basic research in the nation. 
They etaploy about^^ -df^ ill scientists and^engJneers perforaing basic research, 
and about the doctoral Jevel basic research staff. A very large proportion 

of tliWijoctoral level research people are also engaged simultaneously in teaching. 

This system, uniquely Aaerican in character, has compiled a remarkable record 
of prcductivity, flexibility, and econotay. One reason for that is the way American 
higher education relates so intiwtely scientific research to the >^cientific and 
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ceohnicAi eiiucation of o^r itodencs Uaiversitie* provide an environacnt of 

iatellectuat^freedc?^ infused wit* a healthy ethos of corpetttfon and stijsulated 

by a readv flow of young talent. Althgugh ao one would want co clain chat it {^^^ 

is perfect, garticuiarlv in the face of barriers that ^till axlst to the poor and 

ethnically disadvantaged, it is in principle an excellent syscen and In practice 

a good one. Those who seek to support vigorous acientific research have an important 

stake in the vitality of our educational systen. 

I reaUse ^a't^ this cocalctee does not have responsibility for most of the 
federal govcmfi:enc.'s educational prograas. But I an certain that j^^^lndful^ ^ 
of the tight connection between your-<Mmcem* "aFoiIt 'Aaerican acience and technology 
' «jd support for Che education «f our next generation of scientists and engineera. 
I suae say that actual and nisored cuts in the availability of financial aid, 
particularly for graduate students, *is a matter that this cocaaittee cannot afford 
to ignore. The Guaranteed Student Losn progrLa, a.aajor source of aupport for 
graduate atudent*, is critical to aaintainin^ the vitality of our ajvancedjeducation 
in thel22cedlitte_£ucrjce:r- Ijl laBO-^ V^ oTttwt graduate students at the University 
of California received support f«?n the CSL program. This aoney was 393 of all 



flpancial aid going to graduate students ttJt year. I cannot argue that the cost 
of th«.,.^gran should not be constrained in aocc reasonable way, particularly by 
linking-eligibliit^o some standard of need. But the idea of cocpletely bearing 
graduate atudents f roa^ellgibil ity is not a aound policy in the face of continued 
national need for their educationX 

I alao want to suggest an iccportanKUnk between the health of our acientific 
enterprise and access co education. We have 1i^rd a great deal in recent decades 
about equal educational opportunity. The need tsN^ssure equal opportunity is a ^ 

\ 

\ 
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:ur of slaple Justice. But cherc «re pr.cclcal rewons «s well. In this 
era of inctroatiooal coopetltlon In the field of technlc.i .ccoopUshoenc . In 
t.h* «re«3 of defense «nd>du5try, in all aspects of s^clintlflc .chleve::ent , ve 
cannot afford to aeglecc Mny source of possible ^ttient. There is no doubt In 
^ olnd of Che loportmnce of .uch lallestcmes of legislation ss the GI Bill, NDEA, 
ttd Che Hither Education Act, all of vhlchj>^ nadejnoreous^cont^^ 
^^^tuaii^of-'rectirt Tel^irttlon, of scientists. Fedftr.l .f forts In this .res. 
arc extrecely laporttot. 

The laproveoeac of scientific and technlc.i eduction In general Is a much 
sore intractable problea. Because of conpetltlon frco Induatry, we are facing 
Che dual problem m engln.erlng of retaining faculty and attractln, new students 
into graduate school. We have declded^t the University of CallfomUU« clr- 
c««.t*,ces have '.ad. it necessary to establish a hl,her salary acai; for a^^^^g 
faculty aa an initial vay to address this problem. But we must, also have aupport 
for traduat. students. I am happy to rej^rt that in California, and I know in 
other states as veil, gov.mors and legialatur.a are becoming attentive to the . 
' treat need for improvement of education In adence and natheoatlc. In elementary 
«id sacondaty achools.^as veil as for improvement m technical training, entineerlng 
education, and aclentiflc education in collegea and universities. This interest la 
being stimulated by a healthy competition to make various localltlea attractive to 
high technology ladustryr-Kt the reaourcea of theae atatea are alao aevarely 
llttltad. Ic may be neith^ wise nor poaslble for the nation to rely solely on 
local efforts to accoiapllah naeded Improvementa. In ay opinion, the federal gov?m^ 
•enc. In cooperation with the statea, should retain a aubatantlal role In encouraging 
this sort of educational effort. 

While a broad educational baae la Important to the atrength of adence, Incan- 
tlvaa and Inducaieota to draw talented young people into acienflfic rasearch are 
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«Xso neci»fsary. Fellowship ptotrto*. of which the NSF Sclenc^eriovshlp Is the 
«rch«type, »re extrcaely vau*ble *nd effective. 1 aa encourifed tVhc«r of 
propoMU frofii other fovcrnoent atencl«s «s wtll «s fron the prlvete sect^x^for ^ 
"t«rfet^d"7^1wshlpt^Tth stipends thit «re rtUlstlc for these ttce*. I w«s 
pitted That Conjrest w«a able to *tve the NSF pro»r«a during the past bud^t year. ^ 
1 urje this cocaltt«e to jlv* continued attention to the vitality of the NSF science , 
tduCAtlon effort. ^ ^ 

Tha aoat IspoVtant incentive for younj people to pursue the rigors of a acl- 
_«ntlllc educAClon^s the, vigor and exclteoent^f t^e scientific enterprise In 
university departments and laboratories. The current doubt a cast upon the future 
of science , on top of a decade of ups and downs in federal funding, hkve to soae 
txtent undermined the aorale of the enterprise and it»-«tw»ctlY«ne3$r-^nTl5-rt™^— - 
tion is to ae the Bost slanaint effect of the confusion resulting froa ^he present 
Administration's atclt\jdes *nd perfinaince. The environment of uncertainty is 
surely doing short tenx danuise. It oay very well have severe Ipnj tena consequences 

also. ^ 

At the University of California, we have been trying to asseas Jhe present and 
prospective effects of the various proposed and enacted budgets af fecting/our 
research supportf In this en^iionnent of uncertainty , the need to e4tabl{lsh sotae 
guideposts is essential. ^We ne^d to plan and we need to liait a9 htft ve can the 
unsettling and counter productive anxieties on the pert of faculty and graduate 
stu&Dts thAt oay discourage tjicn. 

Since the paasage of the continuing resoittaon of Deceaber, we Mtiute that 
our overall research aupport fron federal agencies in H 1982 amy decJline as auch 
«s $25 .ill'ion in current dollars. In the face of Inflation we estinate that the 
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tfftccive decline In purchatlng pover for research fron FY 1981 to 1982 Is ^ 
lOZ of our federa research support. Thl3 is the equivslept of $60 olllion In 



current dollars. 

This sort of cut Is obviously difficult to deal vlth,-«nd^«ll the acre bccauje 
It la an aure|ate of the net of varloua cuts and Increaaes. The resulting un- 
certainty, and even turbulence, la subatantial. ^- * 

Ut De give you a few extoples of what I oean. At ^ne of our c^apuses there 
Is a project^ supported by NASA due to expire at the end of January 19*2. We sub- 
Qltted a proposal for renewal In the anount of $205,000. In November we were 
asked CO Yt'duce the budget to $170,000. In January we were advised that funds 



-wftTe not yet available for ttnewal. The principal Inveatlgator was told by NASA 
people that they were aaklng every effort-vto provide funds. We^wert not, howe^fer, - 
able to get a aufflclently flra conaltocnt so that we could allow the project to 
continue beyond January 3i. Thus It was necessary to issue layoff notlcta and / 
take ateps to ahut down. Two graduate atudcnts, | half-tlne poat d^^^toraX phy^^lcist^ 
and other peopla were on the project payroll. 

In another exacple, ■ project froa the National Institute of Child Health and 
Oevelopoent to study causes of dyslexla—a fono of reading disability-^ In children 
was abruptly terminated. Three years of data which suggested significant advances 
In scientific understanding of the disorder now cannot be analyzed and reported, 
^st of the oeabera of the research teas. Including an Internationally 'renowned 
InvH^gator, are seeking other positions. 

A third exasple Is the Lawrence Berkeley Laboratory, which la on the Berkeley 
caapua and In akn^aya closely tied to departments there. The operating funds for 
the laboratory have b^en reduced frot» about $133 oUllon In FT 1081 to about $119 
■llllon after the Decetaber^ojttinulng resolution. An effect of this Is a reduction 
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In career staff of 315^ eapXoyeeO«n<i-X20 coatric<--peoi>ie^-HPTfitdlii5-tirnucliir 

»h)asic9 1* the faae" in eunfent dollars end eroded lubacantlally by InflatJLon.^ " 

" ... ^ ' 

partiqularly the coat of electric power. Research In life science*, contervationr 

' . ' >' 

nuclear w««te sanafeBenc and feotheraal en^r^y have all been reduced substarujally: 

t? 

ri^e lo^to the laboratory of highly sicilled'«n'd long. terra eEployees is dis- 

turbini to aorale. ' * , , • - - - — • 

None of these cases viU bring the ^acloix's scii!!tific effort to a halt. 

*But the cissulative cost In washed tlae «nd efforl^ and especially In por^le, Is 
enovaoua. I do not think the co^try qan- afford such waste:, nor can It afford 
tb«^ risk of dlscouraglas young people. Unlcaa we th^nk clearly about the huMn 
dloenaions of the sjcieniific .-enterprise, ve will continue to permit or evjn to 
Induce _a dangejrous_lqas^ of^iexvthuslAsst and -creatTivlty*- ^^^h^^jtrt^J^iliti^^*^ -to^ 
th« he«JUh,.oi-A>'uf-'Scl«ffrtflc^ctiv^^ ' ' . ^ - ^ ' 

I Htypog s^Mn to ignore the 1HfflCT^lT-e1^on5^^c ^viTonpeniL or the country. 
But It seees clear to »e that we pvJVt Qontintie to spend ooney to support scientifi 

' reaearch- m<i iKlucmtlon as an" itfves£«nT ItTtKe^f^j^r!!^^ - 
stability a^d continuity In funding is- profotod. Ve niiat^ji^ggr :Shs.I£<»^£ln^ad>-- 
flow ofNralfented young Peon I r fnr^ c^irnt""!' f"*'W«^ w.iy ^t-riv^ co sustain 




i-respuuslblltiTeTf^ 
develop p}^[isji»^^tofrpXtJLQ^^ plutfatistlc systeta, and to P^oy±dt^*yM to jsuidc 
iu^ure courses action. Howaver constraining our present econonlt c ircunstanctfs 





-thj^ diversity «ni^ d«entr^ll|^ of t^ur systea for c.rrj^ng 



r»it«rei are 



oTl^renjth that should ^e prQtected,.^-ArlhrTiiae tl 



Srt to develop policies and Mans 



^rtaln yea;sj,! ahe^d^^^eleaenCs and principles of a national s^nce 



for the 

with' the pirtldpAlon of governDent. Industry, a^d 
Piri^?ra^ Natlbnal Coi=siisslon on Research hag reconiscnded a forun that \^ 

♦wlU'^iljjde 4llX«e^|ced- lfistltutions. I support this Idea. ^^^^.v^^t^^^^^^K^^^ 

T'al^N^ffinjiaoent a 1 
and development. _ Ve' o«e d. a pr incipient o xuldcjisUo^ 
ictjce of-TTsearch. We TQeed^.^-'^rflnclple 
3^-^'^^iJ«^^~^^5Fr^u^^ .gencles-Tosustal^^ „ 

"-SnrSs balance aaong perfort^^ riaaii^j^:^^ n„d a principle 

-th«Jssur^5 that exVellenifr-ijf^i^-^^C^^geog^W: and political considerations 
'^tjxU^S^:^X^^^^^'OK, pir^icuJ^^y urgent ^In this tlee of 

Inteniatlonal. 1 
s^bll^hlrl^ 




163 



iPVescigicoM «ad tJ •U^^v^fur »oat predictable incx**5rin the co«c of'lnscru- 
aehtitioo tod^equlpaent; X also MiTte...MiX?rOr^ frtss that govemaent and acadeaic 
/science should see*a^^C5?*trr1^^' industry chat vould lead to Increased cooperacicn 
•nd fxndin^^^*c^Mt seccor, I chiak chat soae further »aend=enc of che cax laws 

ish Chis purpose Is desirable «ad proper, because I an confident that 
such coop«ratlOTr>UX benefit che econoay sufficiently to Justify chat tort of 
Inceoclve. 5ut it is, very iaporcanc chat it be understood chat support froa private 
sources can never substitute for federal support. In ny pwo. institution, we 
receive a jreaC deal of private funding. Ve work^very hard to obtain this necessary 
aonev tad we arc happy to get ic. We are instituting ways to work even core closely 
w^ch industry to develop greater ties in the cooing years. We expect acre contracts 
and acre aoney in the future. We expect soDewhat laore ooney as a result of new 
tax policies, although the actual effect of thes appeara to be saall, about 21 
reater increase than would have been the case without thea according to sooe 
«s^i«4£es I have teen. • ^ • ' 

^5ut let^aa^ut^^our contacts with the privata sector in perspective. All our 
research contracts, all piir^gri^iA , all the donations of equipoent and fellowships 
«nd unrestricted funds froa indus t riaT^irsis *nd their foundations arsount to 52 
of our research budget. That laount will not grow^^reAjly in cooing years; it 
cannot' aake up far drastic cutbacks ^in federal teoney— federaTaSney for research; 
federal aoney for education; and federal ooney for student support. 
^ Let ae now say so-aething about universities a5 cooplex institutions that play 
a central' role in the , organization and otintenance of scientific capacities. Until 
recently aost universities could covjnt on steadily increasing enrollnents. Enroll- 
ment gcoytfi brought resources froa the states and froa students, the latter with 
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a*J^ assistance frcre the federsi foveraaeflt. The rspid rites of growth and of 
resrtirces eakc it possible for research ;nlver5itie» to sustain their resesrch 
capacity, st wfast was probably less than full coiti "to federal sponsors. That 
rapid s^'ovtb Is over. W« ia the diversities sre necessarily more attentive to 
«<'our costs io order to ksep solvent. This cotcdttte is avaie of one syoptoa of- 
this ph«noacnoti: the incresalnj controversy about indirect costs of federsi 
resesrch projects. It is Important thst those of us who are cocaitted to sustaining 
scientific resesrch, education and training support the Institutional needs thst 
paralt the systen to work. Such support should be I^ked to perfornance, not 
^^^rve as a progran of federal subsidies to unlversidea as such. I aa thinking 
of sooethlng analogous to the nansgesaent allowance ^bat is paid to those institu- 
tioot that operate nstioaal laboratories for the govenment. Such an allowance 
could be allocated according to a schedule relsted to the total aaount "of fe^ersljC 
sponsored r^ftrt^ undertaken. Such an allowance would perDit cuch xaore flexible 
and effective' aanagcaent of the tilente'd people, ranglfig fron^ business officers and 
machinists to seiflor scholsrs, who oake the systea work. 

To return to the question sbout how we sssure excellence In s decentrslized , 
systen driven ^by conpetltlont the cocpetitive project grant aethod sfiould be the 
core of the ayste:^. lad ividuals^and .institutions should, rwst, and csn cocpete 
for support, and the pattestFof support should reflect that cocpet^ltlon^ I believe 
that, any decline In quslity is likely to be s result of the Introduction of the 
wderdtandable political need to distribute resources by some standsrd of equity ^ 
aaong regions and Institutions rsther than by the standard of scientific excellence. 
But that process can be carried out crnly at the cost of declining quality. 

For those scientific establishnents such as the nstioosl Isboratories, which 
for good and sufficient reasons hsvlng to do with equipoent costs or mission 
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ret^utreaencs «r« sulitttined a ie** cooped clve basis, the operating Institu- 
tions ^sether with the sponsoring ajency sust be prepared for the nost rigorous 
scrutiny, y the Urge Uboratories the University of California operates for 
DOE ve aj^6taia a syatee of oversight and scientific scrutiny th»t we are quite 
confident does a good Job of qa«Xity control. It has not been easy, but it is 
vorklng. / . . 

.Finally, I crust s«r a word about the value of the free flow of scientific 
d*t« «nd inforaatioc that is so typical of Ascricaa »cienc€. Together with the 
principle of conpetiticc, it is a fundaaental characteristic of b»sic science in 
the United States. I as convinced that it is a necessary condition of our success. 
' the past year a controversy has d^v^J^d within t*e govemncnt, and between 

govemoent agencies and universities, thit.?>o^es a set^6u4 tllrtat tff tMs scientific 
^ op«nneas. This co^t/oversy arises froo Justifiable 'ito'xlety*iS"(Jt^ the rapid t^<;hno- 
logical advances on the part of this country's political adversiiits "and eaonoalc . 
cojipetltora. Aa a result, sooe people within the Adaltiiitration have argued t6r^ ^ 
stricter control of the "export", in quotation feayks. of technical data. - As you 
are aware, unlvtrslcj^sed science and education is open to foreign students and ^ 
scholars.- And Anerlcan Scholars and students frequently cooperate with Institutions 
abroad. ^ 

^ It is being proposed, then, that export control regulations be revised and 
Interpreted to apply to various research activities In universities in ways that 
would require restrictiooa on persons and papers that we cannot InpleBent or accept. 
We believe that to do so would so Inhibit and interfere with the conduct of research 
«id advanced teaching that Its cost would far exceed any benefit\n teras of slowing 
the advance of other cations. 1 believe thare Is a solution to thla natter -cha? 
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would la>h^^e • reasonable felx of tcoe •ccurlcy -clisilf Icitloo/ t[os» lmlgr^^t4,on 
c#rfrol. «ad sbs^g^ fiith. I kaov th*t r«spon»lble offlodils tre woPklnj for 
tuch * soiutloQy/l tM^e th*c politic*! rhetoric will not d«»troyjh±s, process. 

To sua up; I «a enc^sjed by the Adainlttr«tloo' s avoweiTpollcy of support 
for Si^^ttflc »«$e*rch, but concerned thst In the proci^s cutting support 

*or students tod for research serious 4«»*R€ o*y be done to our scientific capacity. 
JUiatalning our ability to educate the next feneration of scientists and 'giving 
appropriate attention to encouraging the vork of the current generation of aclentlsts 
are both taportaat^ The nation needs a better and core orderly oeai\s of oaking 
sclance policy and planning for the future, one that Is sdopted to our plurallatlc 
i^yst^. It cuat be capable of providing guidance on/^liablllty of support; on 
Che ttlx of basic and applied research and developnfcn|J^ oa the balincc aaong sources 
of support; and perforocrs; and on the oeans to aa^re excellence *nd pertinence of^ 
.^work. The country's scientific capacity nee49 predictable aupport that provides 
for up to date equipoeht, adequate f acllitlea/^and aooc growth^ Finally. I believe 
t hat^:*usta In ed excellence In^ficience Is of the bl^^at Inportance. \^ 

Thank you again for this opportunity. I hope remarks have been helpful 
the comlttee. I vlll be happy/o respond to any quetftiooa. 
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Mr PuQUA Thank you very much, Dr. Saxon. We appreciate 
your testimony this morning. If it is agreeable with your time 

f^«^I !' T' '^'^^ ^^V^ "'^^^ witnesses. You may remain at 
the table, if you would like. 

Dr. Saxon. Thank you ^ 
Mr fvw^^ Our next witness will be David Webb, vice president 

for pohcy/^nd regulatory affairs for the Gas Research Institute 
DaveTwe are happy to have you here this morning, and we will 

be pleased to hear your testimony. If you desire to make your state- 

f u K^^^ T^'f^' ^^1^ ^^y^^ wish to summa. 

rize. thajt will be perfectly permissible. 

(The biographical sketch of Mr. Webb follows:] 
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Biographical Sufnmary 

Oavia 0, Webb 
Vice Presiaent 
Policy &nd Regulatory Affairs 
Gas Research Institute 
1019 19th^ Street, N.W, 

Suite 910 
Washington, 0,C. 20036 



Eoixration 



1962 



1963-1965, 



Texas Technology University • 
B.S. m Petroleum Engineering, Mathematics Minor 

University of Hawaii 

18 credits. Business Management 



Experience 

Septemoer 1977 
to Present 



Vice President, Policy anO Regulatory J^ffairs , Gas Research 
Institute. ResponsiOle for GRI's overall operations in 
Washington. Primary areas of responsibility include 
strategic analysis and energy forecasting and coordination 
of GRI*s interface with the Department of Energy, the 
Federal Energy Regulatory Commission, and other federal 
agencies ioJcegaio-to joint programs and formulation of 
research policy. Provides testimony before Congress and 
briefings to congressional staffs on GRi's research 
programs. 



May 1977 to 

September 1977 



Senior Director, Energy Research Centers , U.S, Energy 
Research ana Development Administration, Coordinated the 
overall program planning and research activities of the 
five fossil Energy Research Centers. These five caters 
employed 1,100 government personnel and had an annual 
operating budget of $50 million, 



May 1975 to 
Stay 1977 



Assistant Director, Congressional Liaisoa for Fossil 
Energy , U.S. Energy Research and Development 
Aoministration. Served as the central contact for the 
review and coordination of all congressional^ activities 
involving the Fossil Energy Program which consisteo'of six 
line divisions with 'an annual budget of $iSOO million. 
Interfaced with six mgjor committees and ten subcommittees. 
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STATEMKNT OF DAVID W KHH, VK'K PRESIDENT. POLICY AND 
KWULATORY AFFAIRS, (iAS RESEARCH INSTITITE 
WASHINGTON, D.C. 

Mr Webb Thank you. Mr Chairman and members of the com- 
mittee 

1 would like to request permission to insert my Complete state- 
ment m the record In recognition of the time constraints, I will try 
to summarize this morning, so that you can get on to the other wit- 
nesses ^;id the questions and answers. 
Mr FuQL'A. Thank you 




Mr Webb I am David Webb, vice president of the Gas Research 
Institute, which is an independent, not-for-profit, scientific research 
organization created by the gas industry in 1976 to plan, finance, 
and manage an expanded and coordinate(^ gas-related research pro- 
gram (or the gas mdustry and its ratepayers. 

The Gas Research Institute does not conduct the Actual research 
"hselU it IS not a Government contractor but, rathe^^, manages and 
hnances re^earch^coiiducted^bv^search organizations. Many of 
these projt^'ts are cooperatively funded by the industrial performer, 
by Government agencies, or by State agencies. 

In l!)Sl the^Bs -Research Institute funded approximately $68,5 
million of gas related research In addition, through cooperative 
programs we had with other Federal agencies, our industrial per- 
formers, and some of the State agencies, we had nearly $100 mil- 
Hon of cooperative research, for a total program of approximately 
•'>U>;) million ' j 

I am pleased to appear here today, Mr, Chairman, to present my 
-views on the need for the long-term high-risk Federal research pro- 
gram. and^I would like to say right at the outset that much of the 
new emphasis on letting the market determine the introduction of 
new energy sources and technologies is basically sound. Also, the 
concept of having industry fund the near-term research and final 
technolog>- deimiiistt^a:tions priar to commercialization, is correct, 
since only industry can effectively introdt^ce new products mto the 
marketplace. 

Therefore, I think the shift in tfte emphasis 'is correct. However, 
I think the abrupt change from the past Federal mergy research 
policy and the time frame in which they are trying to make the — 
transition is too short, for the simple reason that all industries and 
all- segments of the energy industry cannot respond in the same 
amount of time. 

In setting R&D priorities and establishing your policies and 
funding of the Federal Government, th^re needs to be a recognition 
ol the different response capabilities of the different segments of 
the energy industry. 

Reports that the Government will essentially eliminate all fossil 
energy and gas-related research in fiscal year 1983, even the long- 
term high-risk research, is of serious concern to the gas industry' 
and ORI Not only is this a reversal from the statepl policy of con- 
tinuing to fund long-term research that industry will not fund due' 
to market incentives, but I think it is al^o extremely shortsighted 
and not in the national interest. 

Regardless of the changes that take place between now and the 
year 2000, fossil energ> will still be delivering somewhere between 
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60 and To percent of the energy delivered in this Nation. So" I do 
not think it is a correct focus to say that the Federal Government 
has no role in long-term research of fossil energy. , 

Also, over the past 3 years we have been very successful in re- 
ducing the level of oij imports due to iuel switching m the industri- 
al bector primarily to gas^and coal in the place of in(iported oil. 
Without a long-term research base to transition the supplemental 
supplieb that are going to be required between now and the year 
2000, there is a potential for a rev^^al in this very ^ncoura^ing 
trend we have observed. , I j j 

The most recent Federal projections of gas supply ^d demand 
are anyw hue rf_ from 6 to 8 trillion cubic feet, or the equ)ivalent of 4 
million barrt"' a day, of supplemental sources of gas pcequired to 
meet the (femand. These supplemental sources require a technology 
ba^e that is different from that of producing just conventional gas 
It also involves in many cases conversion processes, which in turn 
take a technology base that does not heretofore exist in the tradi- 
tional production of gas and its use in industry. I 

Before I discuss my perception on the proper Federal role in R. & 
D. and make recommendations in response to your request of sug- 
gestiunb for betting priorities for future Federal support of R, & D , 
I would hke to outline briefly the technology status of the "gas in- 
dustry, a very brief history and background of how the gas indus- 
try is^ trying to respond to the new Federal policies, and try to use 
that as an illustration of why the regulated segments of the energy 
industry need a transition period-in order to absorb much of -tire 
research the Government is proposing to drop or abandon. 

The gas industry does not have in place an established, aggres-^ 
si\e technology base with a large supporting infrastructure, yet 
this technology base is essential if gas is to continue to play a 
jnajor role in meeting the Nation's energy demands. 

Why does gas not have a major technology base in place*^ After 
th^-««*fcii2f^World War II, wjien the major pipeline systems and the 
dMributl5T^systems in this country were in place, gas was regulat- 
"Sa^nd it was ch eaOe r,than other supplies of energy. The produc- 
tion of gas was by the oiLcompanies, and therefore there was not a 
need for R. & D. We had abundant cheap supplies of energy. 

Starting in the late sixties and the early seventies there was a 
recognition that traditional cheap supplies of gas were beginning to 
be depleted and that different supplemental sources of gas would 
have to be developed. So the gas industry's development of a tech- 
nology base only started in abftut the late sixties or early seventies 
Tt was very small and fragmented due to regulation at both the 
Federal and the State levels and due to the fact that the industry 
was not vertically integrated since it did not produce its own 
supply source. 

These factors tended to limit the technology base that was in 
place at the start of the seventies. Naturally, these factors do not 
result in the best climate for aggressive investments in R. & D. 

In the regulated segments of the energy industry, it is difficult 
enough to earn an allowed rate of return, let alone put equity earn* 
ings in further jeopardy by placin g; §>tbs tantial investments in R D. 
& D., which,if Ihey fail, might be~Considered imprudent or which 
might be ruled as an unallowable expense. 
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sThere us tu) uns<»tlinK potential to increase earnings due to suc- 
cessful & D. since the benefits of successful utility research 
must.Xyentually be passed on to the ratepayers, not to the stock- 
holders, because of the regulatory limits on rate of return. So es- 
sentiall> what vou have is a climate that is not conducive to R D & 
I) in the industry. 

The Federal Power Commission, through hearings in the early 
seventies, put out a rulemaking in 1970, Federal Power Commis- 
sion Order No ^^M, which was an accounting procedure desfgned to 
stimulate RD b\ the gas and electric industries to conduct 

more research The gas industry, through the assistancy-'of the two 
major trade associations, the American Gas Association and the In- 
terstate Natural Gas Association of America, responded to this in- 
^ centive and established the Gas Research Institute, which was to 
be the research arm of the gas industry. 

' Part of the- original charter of the Gas Research Institute, under 
the expanding Federal Government s role in energy policy and re- 
search funding' and as required by the Federal Energy Regulatory 
Commmsion which annually reviews our application, was to coordi- 
nate oui program with that of the Federal effort. GRI.has placed a 
high pnoritv on coordinating our program in areas of mutual inter- 
est We actually do much cofunding with the Department of^- 

^^-^ KtHM-g\ and othei Federal agencies involved in energy research. 

The CJa^ Reseiirch ^TIsTitutes cofunding with Government as 
grown frgm-^a- level of approximately $2eS million in 1977 to a 
planned level of approxmraTely $8G million in 1982. At the same 
time the amount of coordinated funding from industrial partici- 
pants in the research program has gvq^wn from a level of approxi- 
n^ately i million in 1977 to a level of approximately $84 million 
m 1981 We think this is a healthy trend. We think it allows us not 
only to ma?cimi/e the ratepayers' dollars in doing cooperative re- 
search, but 'it also allows us to involve, particularly in the case of 
manufaclufing cofunding. the people who actuall> have to. intro- 
duce the p^'oduct into the marketplace. — 

The Reagan administration's proposed change in the philosophy 
and the eihphasis on funding of energy R.D. & D. does cause some 
problems |Primarilv. the Gas Research Institute andlhe gas^indus- 
try have/ concentrated on cofunding with the Department of 
Energy / ' , ' 

Part oj the overall program developed for the gas industry in- 
volv(>s Ubl-ge amounts of cofunding Therefore, a sudden cutback of 
the Dep/irtment of Energy's gas-related research requires a sub. 
stantial /change in the strategy of the Gas Research Institute, l?e- 
,aui>e c|)funding with DOE has been a major part of the overall 

' • '^r'^^JVxMi!^^* program. Therefore, a change in emphasis or size of 
the DCMt. budget, whether an increase or anaecrease, plays a major 
role not onl\ in determining future budgets of the Gas Research In- 
stilute/but aUo'the capability to fund the techiiology for the I'as 
inHu>tl"\ ^ ^^^^ 

in example of the sudden change that is occurring, gas-rejat- 
»*d reifearch appiopriated bv Congress in fiscal year 19S1 was ap.- 

' proxihiately million. In fiscal year H)H2 the amount of fundi 
appnipriated for ga.vrelated research was approximately $L> niil- 
hon./or a reduction e>sentially of $172 million. Projectu^jisjTor fiscal 
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>t»ar ladKitU' ctnotluT significant reduction in this area, per- 
haps to the level of onl> $20 million or $30 million, or essentkrMy a 
termination of long-term gas-related research. \ I 

In response to these initiatives, the Gas Research Institute and 
the gets industry, working with our board of directors, last summer 
modified our strateg} for cofunding with the Department of Energy 
and adopted the following overall guidelines for trying to deter- 
mine our futur^udgets Essentially, the Gas Research Institute 
was instructed to assume a more effective leadership role in gas- 
related R.D. & D.. especially in the near-term research areas that 
were definittily in the consumer interest and could achieve a rea- 
sonable payback for the ratepayer. 

V\'e were also instructed to continue to seek cofunding with the 
Department of Energ> on long-term research projects, and we were 
encouraged to increase our already extensive efforts to obtain in- 
creased cofunding from industry. 

Finally, \ve were told tO/i;eevaluate our 1983 budget that had 
beon submitted as part of outwear plan to the Federal Energy 
Regulator V Conmiission and, 4t ftecessary, to recommend to our 
board for "proposal to the FERC in lOSff'-an iticreased and revised 

budget. ^ T - ^ i"* 

In respMnsf to these initiative^, the Gas Research Institute has 
reevaluated its IDSIJ budget, and instead of'proposing a research 
budget of $l07.r^ million, as was projected by our 5-year plan to the 
FERC, we are proposing an R^ & D. budget of approximately $120 
million in 1983 for approval by the Federal Energy Regulatory 
Commission. However, it should be notedxthat this increase is to 
pick, up near-term research efforts where the Department of 
Energy has decided to terminate programs. It does not provide;the 
long-term research and technology base we feel will be required 

Specific increases in our 1983 program we will be proposing are 
in the areas of unconventional gas, where we are nearly doi^ling 
the budget from $10 miUion to a little over $18 million. We have 
proposed to increase our funding in regional and land biomass 
areas from S3 million to $5.6 million, and we are making signifi- 
cant increases in the areas of gas appliances, gas heat pumps, and 
onsite fuel cell systems, all of which fall in the category, we feel, of ' 
the near^erm research that the industry should try to fund under 
the philosophy of this administration. , 

^One additibnararea we are significantly increasing research 
funding'is industrial utilization, where we think there is a tremen- 
dous opportunit> to increase the efficiency of gas-using processes in 
the industrial sector. . o i- • t 

However, in establishing Federal energy R.D. & D. policies, I 
would like to re^id a very brief excerpt from the Energy Research 
Advisor> Board report on Federal energy R.-& D. priorities dated 
November 1981. I think this is important. They have donf^ very 
well m recognizing the response times of'the different sectors of 
the energy industry. 

-If] couid. I would r^ad from their report at this time: 

• The new pul»«^> recognizes that private industr> cannot be expected to do basic 
ent«rj5> research "or projects of long-term high-risk character, but there are other cir 
cum>tances m v^hlch ii vvould be unrealistic to expect timely and effective assump- 
tjun b\ indusir> of R&D responsibilities abandoned b> the Government, however 
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worthy th^ prujtyU involved and despite the provisions of new Onerous tax incen- 
u\ circunwtanceb are discussed below Somefof the markets in 
which energy is sold 'are not free Oil and gas are the exceptions A little over half 
our primary energy finds its way to consumers through the elect^nc and gas utilities, 
and the utilities are regulated, price<cmtroled industries selling their products not 
at free market prices but at controled prices well below replacer^ent cost 

On further they say: 

- f^l*^ ^}^^^ regulated industries have weak incentives to spend on R&D If success' 
[u!. the benefits go to the ratepayer If unsuccessful, the expenditures will be disal- 
lowed as imprudent 

I think the recognition of this factor is important in determining 
/ the transitions required as the Federal Governmeiit drops research 
I in the fossil energ>' areas and expects industry to dick it up. 
\ It seems to me that J:he committee, in establishing energy R & 
\D priorities consistent with the administration'^ [policy of concen- 
trating its funding on long term high-risk research, should consider . 
the following basic principles: 

In times of constrained budgets, the research should have a na- ^ 
tional benefit, if successful.- By that, I mean either the 'resource 
Imse or the potential of the particular process is of such a magni- 
tude that jt in fact could truly have a national imiiact. 

Second. I think that the basic Federal policy] of funding ortlv 
long-term high risk energy R. & D: must be applied consistently to 
all sectors. If you ex^Ject industry to respond to incirease their fund- 
ing for the near term, then I thinlc there has to be a relatively 
even-handed approach to how you fund Federal money for Re- 
search. ^ ; , A 

The benefit^ of the research should be such that they cannot be 
captured by an individual firm If you are going to use Federal dol- 
lars to fund the research, you ought to be producing broad, generic 
type of information that can be applied across a broad spectrum, so 
the economic rate of that particular research cannot be captured 
by an individual firm. If it can be captured by kn individual firm. 
It geenvs to me the firm ought to' fund that research if it is worth 
doing. ' ; r - 

The research should have significant cofunding— and by that I 
' v "^^u" i^^vestment dollars^by industrial Wtners before any 

technology will be developed on the large pilot (plant ^cale. I think 
part o\ the problem in the past with Federal funding of fossil 
energy reseaiH^h particularly is cofunding in rhany cases was iif . 
kind and it did not involve actual cash commitments of the indus- 
trial partner. 

The unique disincentives for the regulated industries to fund R. 
& U should be recognized in any transition period. If you use those 
principles in establishing the priorities, then my recommendations ' 
lor Federal R&D priorities Mn the future would be that. the Gov- 
ernment should concentrate on. long-term high-risk research. 

It should continue long-term fossil energy research that is high 
.risk and Involves;^ large resources, continue long-term generic- re- 
search and efficient utilization of enef^gy, concentrate on research 
that develops generic data which can be applied^by a broad sector 
of the industry, and it ought to allocate research dollars in some / 
relationship to the potential contribution of eit^fer the resource or / 
the technology. . / 

^ . '\ / 

• • ' . ■ / 
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TheVt" >!iu\ild bf mi <KieMU.i?lf transition period for industry, to ^ 
ai>bume the Yunding ot'thf neai tern) research ai)d;;n3elmidte«:tt Fer---^*^ 
search that the Federali3ov^Tnntei>t ib dropping. - ' - 

Eanatlv. I 4^ not thiak the Fed^raLijOvgJiamar yL^b^ ■ ■^ 

beari.fe bev-^md the progtof^xoncepOff^^^ "comme^q^I^ojy?!^,^^^^^^ 
tial, Without industry^cpfij[rid] " - - ^--^-^-^ 

T'have ' ""^ 
are leKit^ 



made some bpecif1c\cecoTiiriieftdatC^ thinfc 
fiTjtite.bng-terrfi gab-reJat,ecl rebll^rch aiea^. Primarily -the^; 



ar^^ in.. ^*reao ^uch as uncuiweaUy.Jl^^l rebourte^r some-ef-th? 
bai>ic rock mechaniCb work in the'^tight^sdnds" formations ahd^ih^ 
. Eastern, De\onian.%hale. formations; m-sitp^coacl^ gasification aHa 
^>bprei>bured methanj^ where tHe re^ourtf^is pnmarily-t)fi Federal 
laudb' It is verv .long-term and hig^-risk but at the sajRT^^d^^ 
'^uccebbiul, could alter, tlie^e&uurce->alwC'e,in^iJli^^^^ 

'paint that it could Mve a^naligjdaligipactf;^^ ^^^^ 

The total progranx J ha^^e re^omm^^nded^jad'laicT approxi- 
mc^telv $100 million. While this is a significant amount' of funding, . 
it is rtiuch lesn^than the g^s industr> has increased itsiunding-over 
thet next J vears to -pidi W l-he n,eai<terii researdir^^^lt^r^am,^^^ 
'tune, it ib appropcimately ^UO''million'less tha'n what was.acta'aily* ^ 
approeriateiXIn fiscal year V9ii2^ni4,t j%pn^fie4bi^^ the^^^^f 
,appiopriated by Con^^-ess in l"38l\J?onsist^nt with the long-terni 
nut.dre and ""yvith-iht^ need ,to„rEj;:i3gnize ^ugt§|mter 
,;p®3ilui:^^3-4h«41^t^^ , 
^ One other recommendation I rnigh! make, thatjp^^ 
tr\ 'tv» commeiU_^oaJ;iJikJtabi^^ and 
the"l)u^eting process, bo industv> antf the .unjv ersities canj^act: U^. ^ ^/ 
the. switch m poli^;y. i • ^ ' * ' ^ — 

XK fir^t rjeton^mendatiun wouldt^be tOTexpand'^md'^con^^ 
, gr^bsional hetinngs such as the one we arp jhetvi^igiRff^Today, sc 
the debate* and _t he 4-i^^uitijmtortfielLiff^rentJndV^ n^s4^ 
fttindled iTirough congres^sioffal hearings ^and 3li^Jh'rodg&_JJie' 
budgets orobess. \ ^ 
-^-.^orva. it beerr^s to me that if gongress. working with th^^FM^r- ; 
"aL^vernment. could dev^elop pr(i^am< costs rather than^.a,Q^u^- 
..osL of major energ>^ program^, then y^u r^nMJHAhafP t.hfr^Tfierits ^ 
of the program with the fuH knowledge ^of^^lEe^oit Jajid 
mortgageb Th^t woi>ld tend to say. if your approve ii_T-year^n>:_\-_^ 
gram, and the cusls'hav^ be^n laid'out ^nd" <feb«ited^, theh i(Tdijsfry 
■prvH.y v,e\\ has an fd^a of the magnitude of the funding 1:heGov- ^ ^ 
t^rnment ib comnnitting o\;er the Jife of that pr-ogi-ahi.^Alsd, -reS^ch : 
managerb can betUheir "progx^nls ^tid sbbedujekjy ithout tr ying-jer^ 4 - 
atljiibt ti> tr eniefidoub difTeren rp.^ >n Aindin^-iw^gm-^tttma) basis ag 
we 1 1 y JU^^^ \\i lift tie eiitjr^y^^uxjgnam J« li n^ with, the but^getiiKifidsu-v^ 
"^or the deficit needs. , '...'^^'^^ C' ■ ' ' » » 

"I th'in.k\ou bhoCild cottbider some, kinchm^ total progra m a,uthori- _ 
• zatfim^ for ,bunie ))f theSe major eaerg>- progrenns. ThHTTit seems t4&' " 
PK' vuu C4mfd. conduct oversight heariogs on either an annual or 
'bieuuual kisih tw vej'ifv tlie original objectives :of th^^program and^ 
lhat nulebtones are bei^g niet, -so yoxx know Whether the^filiogmnr 
'^hou'ld''be allOvved^to^ contrnue.Jf Technical pi^bl^ins-haK^ccurredr 
ur tl^> teohnolb^> nO longer Kas pr^imiser then the progri3m..j 



b^^ terminated 
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»^=^^^^5Pknavv wfuith^r \vi* ^re talking ?- nr, nnnf Q " " ^ 

lions, byt m^Ut^^e^r^pproRriafioni, to add ^omestabIIi^:^die - ^ " 
re^a.would^elpr - - _ ^^-r ""^ ' - " 



^ ^nations, 

^ x;- " ' procega wbuld AeTpr _«-h 
^^^^N^^^^^i^^THSF^ J just w^ant to savJjLhiRfc^Sgc^I^^SI 

— ---TiFedsio be a recognition <th^t the re^[a£^rS^^te^5nTie energy. 
^ ---^^s^^iistrj-hav^ad^ ' ^ ' 

--ii«^ip:^espo5^^^e-chafigingTederal policy. ^ , ^ - _ _ 
_ ^hMv,^*0i^ ty industry willing to inereiase its fundingv^ 

Ks>i5^d, fct^e gHS industry, Jhrough.GRI, is"taikmgla'bGut"-sig5bG. 

.r=-^^::i3!!SSSXoraj^^ will not^coror piclcing up the near-term 

^resFarcfiTpr^^ Federal Government is diiopoing and, at 

^me time<p5?k up the long-texmjeseaiich^tb^^t-appea 

abandbnXQgjiUias^k^^ ' 

II^P finqjr^g&mTT^ It -doe^ mrf ^5ve agyt^^ 
witK4he^ gas industfy^gt^AK^^ 

^^^^fe^^^^^^5^?^^^^versities, est^ " 

^thesis, the x^st^r^ tjr 
d^^:5^^^candid3Xfi^^ be.reasortal^ly certain that tfiei)liiod oi 
^-Tupingvs^Mast long enough for hinrt5;compldte'his, ^' 
^ think constantJy^changing^;poM^be^^ 

^^^^^^^|£^^fi^ski^^[^^=tJ!l^ ener£^ pi^^ 

^^^^^^^^^"^^^^^ SHd the 

(Jbvernme^::B.A€!i5gpicm^ the vulnerabin^of-Dur 



committee' 
At the 



teTand our ^^2ate student^jn^sa^idening-th^ 

{esTmy testinion>sMi\j:iiairm^^ thank you and 
v ^x^y-itfritir^ tha^ orortunitv t 
trnie, 1 would_be5ad:l<^"^ ' ^ 



onsjLQO.maj^'fj^f 
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STATEMENT OF DAviO O.j^Tg^^VlCE PRESIDENT 
ESEARCh INSTIT^T^ 

__ 

eEFGRE THE 

' ecj^rnHrON Science and technolcgy 

Cr-^tiE UNITED STATES hOUSE OP REPRESENTATIVES 
ajJARY 2, 1982 



Mr. CTiaiman and Meflt)e\s of the Ccwtnittee: 

I am Oavia WeOb, Vic^ Pxe^aent 6f the Ga^itesearch Institute^GRI)^ 
on incep^ent, not-for-prcflt'^scrfeQ^ic resear^ orgam^jtOTnrfeated . 
Dy' tre gas inoustry in 1976 to plan, firfeRQe, aQq.mansQe an expartctea and 
^tobrOinateo yas-reiated research and aevelopmertts^&0),pr^5^ni for the 
mutual ^tenerii of the gas industry ana its fatepayers>v^I ^owSMCts no 
RAD worK itseXtHxA^ contracts with other organizations to co^ 
research projects. MaTT^sc^these ptajects are coopera tlveiv fu nded^ 
the industrial performer, goverr2t!©Qt^ agencies, or"^te agencies. GRI 
becarse fully Cp^sktional m 1978, 

197 icivestpr-owned ana^blicly owneo^t^iani^s which transport ana 
distnBCJteuias in interstate ano intrasta^^^^Siwice. In 1982 GRI will 
funa approximately $8^ million of gas-VelateoS^bst^h which is a 
significant increase over the 1981 research budget on^^Nmillion. 
Additional iy, approximately $100 million of-£ederal and indD^iH^l 
cooperative funas were obtained in 1981 for a total c?7ordinated pi 

[jn. GRf plans to increase its funding of near-term researcH^ 
seeking apptovai^f an f<60 budget of approximately 
T, again a major increasfe-ct milUon over the approved 
1982 reseaWHi^Jdget. ^however, based on recent "projections Of 
Sigi3iificant4y reou^e^Nsfederal •funding for gas research, the amount^ 



coordinated funoXng wili^^^^^lly oecline despite the GRI growth. 
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I era pleased to appear before yoo toaay to fei^uss my views on the 
continuing neea for a long-term, hi^il^Hposial research program on 
suppl«nentai gas stpplies and more efficient utilization of gas by 
eno^sers. Let me say rig*^ at^the outset that nxxh of the new etnohasis 
cjn letting the market determine^v^-introduction of energy sources 
ana techryjlogies is basically souna^ Also, the concept of having 
industry furta the neai-term reseat ana final technology d^nonst rat ions 
priOr to cocnmercialization is the correct approach since only industry 
can effectively introduce new prooucts into the market. The shift in 
eniphasis is correct, but it is such an abrupt change from past federal 
energy research policy that it will require an orderly transition if 
critical research projects are to continue under ^ustry sponsorship. 

Therefore, reports that the government will essentially eiiminate all 
fossil energy and gas-relateo research in FY 1983, even long-term, 
^ high-risk research, is of serious concern to the gas inaustry and GRI. 
^iot only would this be a reversal of the goverr¥nent''s stated policy of 
V cof\tinuing to fund -long-term research that industry will not fund due to 
market incentives, out it also would be extremely shortsighted ana not m 
^the national interest-. As an illustration of the potential nation^ 

R^t of sucH'^^^policy whlph fails to provide the resources necessary 
Xm: a\^-term gd^ technology base, consider th^t all majpr federal ' 
P^^Wctior^ of future^s supply and demand predict a requirement of 
betwe^v^ an^l2 trilliof^u^ feet (Tcf ) of supplemental sources of gas 

land in t|ne year 20OO as shown on the following 
page. The 'ti^|^ aha jeffcctive\evelopment of these supplemental sources 
retires a vial^^^nd^t^able federal presence in long-term gas research. 
Since gas currently\Vp -over 12 Tcf of energy to the inaUstrial ana 
power generation sectors , withs^t an adequate long-term technology base 
necessary to d"evelop\ost-ef f^ctiV^ supply sources of gas, the 
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prccaoiiiiv of fuel switching is very, large. The magnituoe of fuel 
swltcnirQ cbula result in a large increase In oil inports of between 

A * 

tritut U five million oarreis per oay. - Therefore, there is a domirvant 
> ratichai issue m aetermining the proper feaeral energy policy in 
&as-reiateo research to ensure contiouea reouction in oil imports. 



•*U S, Ca$ Supply By Sourc*;, 




before 1 Giscuss my perception of the proper federartoie in R&D ana 
make reccmmenaations on^how to set priorities for airect federal support 
of KAO anc how to provioe a greater measurgi^m 5tabi^E!y to the RiD 
planning ano Pucgeting process, I wouia lUe to outline the major 
technology base neeos of. the gas inoustry/^^he^rrent status of the ^ 
funoing of a gas technology base, and the gas industry response to the 
ne>« shift in feaeral ener^ policy.' This background is important in 
uncerstanoing ana oeterminigg the proper federal RiO priorities ana, 
^iicy. * 
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TecnnoloQY Neeos of Gas- Industry. , " 

Tne Key 'element to consicer in ceteimining gas technology neeas--anG • 
nefce future R4D oirections-is the shrinking cost aovantage of natural 
^ gas relative to corrpetitive energy sources^-primariiy electricity ana 
oil. In me siinplest terms, tnis changing conaition makes U imperative 
to ifnprove gas enc-use eff icie^ies ih ways which take advantage of the 
SM3eri<^ Characteristics of methane as a fuel, 'itrproveo technology is 
oiso neecec to minimize rising equipment costs ana to aevelop new sources 
ot .Tjetnane at the lowest cost. 'I 

The Dest answer to rising energy c^ts ana the shrinking cost 
advantage of gas is a strong technological response. No one wants 
ccntifH^tion of t?xternally irpposed market oistortions, be they in favor 
of gas, electricity, oil, coal, or renewables. First ana foremost amor^ 
neecec tecrmg.ogicai responses is the aevelopment of eno-use appliances 
and equipment that woula allow gas to compete with other energy forms on 
the oasis of the total energy service co^ to the user. This means 
fieac-to-head competition of gas with electricity, oil, ana coal in a 
myriad of resiaential, comrnercial, and industrial applications. 

In the longer term, as larger 'proportions of gas supply*come from^new 
ano increasingiy 'costly supplemental sources, the whole infrastructure of 
energy enc-use may cringe. ' The major issue will be total electrification ' 
versus cdntinuec direct use of gas, oil, and coal. A critical subissue 
will be electrification via central station power supply, presumably 
coal- ano nuclear- fueled, versus electrification via aecentraiized 
cogeneration systems. If the latter shoula;eain an economic advantage, 
gaseous fuels could again play a central role because of the relative 
ease of transporting, storing, and. using thern in an envirormentaliy 
acceptaoie fashion. This, then, may b* the eca of fuel cells, advanceo 
conoineo-cycle systems, ana all the other technologies which so greatly 
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ernance tne efficiency of enery^ v^unversiun ano use by providing both 
el|CUicic> or snaft horsepower anc heat on site. 

V, view, tr<t;n, ifrportant RiD cirections ano neeos m gas R&D 
OegiiiS «ith near-term csevelopments in efficient utilization, without 
iinprwvea gas efficiency in highly competitive markets, the consuner 
canrot oenefit fro<n an appiiancfe^that'^ten costs more unless^it offers 
fufci or cost-of-operatipn saving over a comparable electric moOel. 

EFriCIENT UTIUI2ATICN 

In tt)^ resiCential/comnercial gas market, the major factor ^hat 
arives the need for improved technology is the ratio of delivered 
eieetricity prices to oelivered gas prices on an equivalent Btu basis. 
Tcx3ay, the ratio is approximately on a national average, but it^could 
fail to about 2'A oy the year 2000. Given this, a conventional gas 
furnace ^ith electric air conoitioning would lose its competitive price 
advantage to a standard electric heat punp sometime between 1985 and 1990 
in many region^ o*' the U.S. 

As far as the inoustrial gas market is cofcerned, security of supply, 
as weii as cojpetitive energy prices ana the actual cost of the deliverea 
energy services, are the critical factors in assessing the future role of 
gas anc in oetermining the neeo for new, more efficient eno-use 
technologies. Several price projections for the industrial energy market 
still seem to favor gas over residual oil. However, an excessive flytp ' 
. of natuxai gas wellhead prices upon decontrol, even over a limited period 
\^niie unrealistic contract provisions are being renegotiated, could lead 
to permanent displacefr>ent of gas with imported oil in relatively 
low-technolcgy heat energy applications. 

I nave empnasized the end-use of gas up to this point; it is because' 
of' the necessity, m the short term, of providing least service cost 
options to consumers in a critical period of escalating gas prices. 
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I wlix w ignore the s^iy bioe of/as RdD; m fact, it is critical to 
urcerstancing tne cirecticns anc nj^s of gas R40 overall ana th5 proper 
federal rcie. 

Amon$ tr^-martj, gas supply op/ioriS, several shew special promise to* 
overcar.e corpetitive energy se/vice cost pressutes*. For exanp^ie, the 
costs anc quantities of uncc/ventional gas proouceo from tight 
tortnations, Oevonian snai^, and coal seams are so highly techr.ology 
cepenoent tha^they pro/iQe some of the most attractive targets for RAD 
initiatives. Ccai ajj^ificaton is, of course, the major mia- to long-term 
supply option, ►^ever, the unaeriying technology base for coal 
gasification i^uite mature so that new R40 opportunities must 
ccrciintrate^ novel approaches ana basic research in catalysts ana 
materiail 

GAS SIPPLY IN THt LONG RANGE . 

The picture is quite cifferent for the longer jange. . Ke)( targets for 
major RAO investments are lane- ana marine-baseo biomass proauction ana 
conversion. Not only is bicDmass a creoible option for long-term energy 
supply throughout the worla, it is aj^o a critical hea^e technology in 
-ase tr,e coal^cpticn cannot oe fully exploiteo because of the carbon 
■aioxice prooieffi anc m case the nuclear option continues to falter # ' 
because of socio-PQliticai, cperational, or economic reasons. Our own 
receht experience with the agricultural inaustry of/iofiaa points ta the 
pGssibilitjr of rotation of foOp ana energy crops ana other schemes that ^ 
GO not^ compromise fooo prooucUon. The potential of biomass RAO is 
staggering when one'consiaers the work still to be cone in hybrias ano 
genetic engineering, le^a^lone in the agricultural sciences, ano on the 
ecunumic ceveicpment of anaerobic oigestion technology. * ^ 
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bti^A rditne.1 .^co the tUuifc lies trie possiOiiity of nearly enaless 
>upp*ies oT retnans f ron ceep m tne e^rth. it Thomas Golo ano otneib 

^re r.e<ji<.rln^ tre cccurrence arc Tiagnituae of methane seeps from 
tcci^i'ic fauj,ti are correct, tftere it^.c/ De encrmous afrcunts ot methane 
St.-* availac*e tu us as a legacy Jiom tre tartn's creaticn. very rew 
:s^L.z^i:>ts ^cw ctr.y tr^e exii>tence^'?*^iCQenic methane; tne issL.es are 
iti quantity or^ ecor.ofi^-c recovery. The iirpliCaUons cf trus hypothesis, 
.•x^^evtii, are sc enurmLus for the long-term supply ot gas that tne theory 
.-etros t. oe vJiiUatec Jisprovea. Investigations of equaily long-range 
tc<.rnc-^t,ies in iretr^ne ano heat energy recovery from geopressureo 
v.r*res, recovery of fneU-iane rroffi v^iaespreaa hyof^e ceposits, ana water 
oeLo^n^.c^>lllU' tu nyorogen oy thermal -anc pnotochefiJiQal m?^js shoula oe 
ccoolec witr tnese studies. " \^ 

Trjib ii.ubtrdtes that the issSe is not oeterming legitimate areas of 
iung-term, higr>-risK, gas-rfelatea \research. Rather the problem is to 
cetioe tr.fc proper feceral long-term RiD role and to stabilize planning 
anc ^unolng so that the gas inoustry can concentrate on fmoing ana • 
m<ir^ging an exDanceo research program in near-term research as a true 
Partner v*ith gcverrj;^ent. 

nibtory ot ^as Inoustry TechnolCGy Base 

Tne gas incus try cces^^not have in place an estaDlisheo aggressive 

tecnrciogy case witn a large supporUn^^nf rastructure. Yet this 

technoiogy Oase is essential ,if gas is to continue to play a major role 

ir. meeting the nation's "energy aemana. The uncertainty of the impact of 

gas-prcGuce: price aeregulation, tne gas transmission ano aistribution 

1. uostrv*s *aCK uT control over the quantity anc price of gas, the 

Linu.-fK, if^tciiatue ot r>iectric versus non-electnc government funoing^ 

of kAw, t^e -^imitec gas ^AO marketing efforts by large manuracturers of 
« I 
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energy service equxpTjent, arxj the recent ^arp arop in federal gas R&D 
represent sigraficant impeaiments to establismng the technology base 
requirec ror the most effective use of gas m the U.S. energy mix. A 
«iGe range or gas incustry responses will De necessary. , The gas industry 
r\as oegun an aggressive R4D program, out it is still Dehina its 
^/iompetitors in the aeveiopment of a souno technology, base. 

HISTORY OF GAS RiO 

A Drief review of the history that has lea to this situation is 
instructive in cetermining the proper feaeral role in aeveloping a sounc 
technology base for gas. After the growth of interstate pipeline sysj^ 
mace natural gas available in nearly all parts of the Unitea states 
following worio war II, the gas industry had relatively little'need to 
invest in RIO. Scppiy was ample ana unoerpnced m conparison to most 
competitive energy sources .and was largely the responsibility ot entities 
n^t part or tne regulated transffJission and distribution sr^ents of the 
gas iocustry. Tne major technological issues falling under the 
jurisoicticn of these regulated segments concerned peak load supply and 
seasonal storage; a number of problems concerning the A)st, efficiency, 
reliaoiiity, ano safe^ty of distribution and transmission operations; and 
tne safety of gas-using equipment ana appliances. A total &f only 
sonething on the order of 0.1 percent of gross revenues was spent by the 
transmission and distribution companies for RiD m these areas and on a 
rew longer range supply and utilization options such as coal . 
gasification, hydrogen, and fuel tells. As electric competition in the 
resident ial/coTtnercial market grew7 the gas industry began to recognize 
the need fCr a greatly expanded technolo^ base. 

However, compared to its major competitors, the petroleum ano 
electric incustries, the gas industry had ll^nited resources and 
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capaD^iities tu^respcno rapioiy tu this challenge. Multilayerea 
reQuxdtion, tne relatively small size of indivioual corporate units, and 
tne oirfenng interests of the generally inaepenoent proowction, 
tidnsraissioa anq aisKiDution segmerits limitea the business incentives 
ano oppurtunities for major R4D invest^^entb. "Moreover, feoeral subsiaies 
avaiiooie for cJeveiopment ana cpfwuerciali^ation uf'new gas technologies 
in the form of' research, oeyelcpment and demonstratitin (ROM)) conducted 
in goverrwnent facilities or sponsoreo by government agencies, ano in the 
rem of grants ana other financial incentives funded through general 
revenues, were small when compared to those available to other energy 
settur5. Ano finally, unlike^their electric utility counterparts,' the 
cjds cuflip<inies idLKea tne support of the many manufactgrersr-incluainQ 
sucn inteQXoteo giants as General Electric and Westinghouse— which devote 
most 01 dii ut their act^vities^ to electric products. The result was the 
iimitea ability and resources to rapialy construct the research necessary 
to creatt an aoequat€ gas technology base. for tr^ reasons outlined above 
^and sunmarized belqw^. 
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While the sas irxJustry had conductea a small research prografn under the 
direction of the American Gas Association' (A.G.A.),- u was not of the 
magnituce necessary to fund the multitude of research projects essential' to 
develop cost-effective si^pleinentai sources of gas ano more efficient gas 
equipment and processes. The A.G.A. research program was initiated in 1943 
ana expanced in 1963. In the following ten-year period, annual research 
expenditures grew from $3 million to approximately SlO tnillion. in 1971, the 
A.G.A. and the Department of Interior's Office of Coal Research started a 
.cooperative effort to accelerate the development if coal' gasification. This 
pilot Plant Rao program was funoed at an annual budget level of 
$30 million— twtvthirds from the government, one-third from industry. Thus, 
^the gas industii^ nad a very small institutional RAD program in existence w'ith 
tot^ annual expenditures of about $20 million by 1975. This is a stark 
•cy^trast to the approxiJnately $1 billion in annual federal funas devotee to 
RAO for nuclear ano other long-term electric options during this time. 
Essentially the lack of a large and viabl? gas industry technology base 
primarily results from the following factors: \ 

0 Until the early 1970s, natural gas was in abun^nt supply and the 
required production research was conducted by the nonrequlated 
petrolean industry. ^ 

o Regulation of gas prices at the wellheao resulted in gas beinq a 
Cheap energy commodity; therefore, there was no emphasis on 
efficient utilization. 

0 Since gas was cheaper than other competing energy sources, the 
emphasis for eno-use appliances and processes was lowest cost, not 
erricient or low Uf€ cycle costs. This greatly reduced the need 
for a strong technology base. 

- 0 There was a strong federal preference and a long history of 

federal funding ^ a large R&O program for electric options. No 
Similar program existed for the gas options. ' 

° I^^J'^IJ^ l^^.^^ recognition by the state regulatory agencies 
tlcl^l^y bise utilities to fund an expanded ga§ industry 



ISO 




0 Sinse tne recovery of costs^^cCrred in funaing gas inoustry R&O 
fnust De approved by tn^^-^tate conwissioos, the regulatory 
mechanism of ccnUO^dTing the total rate of return on invested 
capital tha^^-i^Tuseo ^no useful in puDiic service inhibited 
fux)if»^-«rra strong gas technology base. 

N<it»-isiiy, these factors oo not result in the Dest climate for^aggressive ^ 
.nve^trneou m H40. It is difficult enough for regulateo companies to earn 
their diioy<eQ rat>Q of return let alone put equity earnings in further jeopardy 
Oy Placing substantial investments inH)AD which, if they fail, might be 
cOnsAoereo to have Ueen itppruoent or y-hich might not be ruled an allowable 
expense for other reasons. Therefore, RDAO investments make little management 
sense. There is no offsetting potential to increase earrtings cue to 
sixcebsfui as there woulo be for unregulated conpanies. The benefits of 
buccesSfui utility ROAD must eventu^illy be passeo on to the ratepayers, not 
the stockfvoioers, oecause of the regulatory limits on rates of return. ^ 

uespite these oisincentives, in' response to a growing recognition of the 
critical neeo for a strong technology base to meet increasing competition from 
electricity ano to relieve gas supply shortages and curtailments in the early 
iiy70s ano a more favoraole federal regulatory climate, the gas industry took 
initial steps m IS*?? to oramatically increase institutional funoing of 
gas- related research. 

A 

Gas Inoustry Response to Tecnnoloqy Need 

m late 1972, the A.G.a/ research m&nagement staff and research 
curmutees, in cooperation with the Interstate Natural Gas Association of 
America UNC^A), organi2ed ana directed a comprehensive study of, gas industry 
research neeos ^na opportLifaties- for the period of 1974-2000. A 150-person 
incustry-y-ice^task force ano six prominent research agencies completed the 
>tucy uuung liy7^.' The recommenaations which evolveo from this planning stuoy 
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leo to the conclusion that a more comprehens^ive and expanded gas-reJ/ated 
research prograni woola be required if gas wej^ to cootinue to play a major 
role in roeetang the future needs of the U.S. economy-. 

While the need for an inproved gas technology base was readily recognized 
Dy industry leaders and fnany fa^signted regulators, the gas industry faced 

^consiceraole obstacles in funding an aggressive RAD program. As noted before 
reguiated transmission and distribution corpanies had traditionally spent a 
relatively small percentage of their gross revenues on ROAD*' -Since the 
benefits of successful utility ROAD must eventually be passed on to the 

^ ratepayers, not the stockholbej^s, a mechanism had to be founa^'to allow 
recovery of the co^ts of research from the ratepayers. . * ' 

FORWTION OF GRI ' ' - , 

To overcome the dilerwna of the odvious need for more gas utility RDAO and 

/*** 

the difficulty in funding an expanded utility ROAD program through 

i 

conventional means, the Federal Power Commission (FPC) issued an order. 
(No. 566) Designed to stimulate RDAO by ccmpanies under "FPC jurisdiction. * IX 
prqvideo for. preapproval, not subject to re fend or reduction, of ROAD 
e)tpendlt^es of Jurisdictional companies that met clearjfy oelineateo * 
guidelines which not only protected the ratepayer intefest,^but aiso set such \ 
high standards-for RAD planning, coordination, and evaluation that the need 
tor detailed regulatory review could be minimiiect, Jtjis imaginative concept 
of the PPC for ^it^ulatij^ cooperative industry RDAO programs was inplementeo 
by th^ gas inaustry in 1976 by the formation of GRI with the assistance of the 
gas industry's two major trade associatitinsi A.GjA. and INGAA*. 

The assi« of^rudence of majoij ROiO investments wbs largely defuseq by 
intrp^uclog centralized, highly sophisticated plann^n^ ano analysis; careful 
coorai'ni^ion with other**maJor energy ROAD programs, including, that of GRI's 
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oicer ana significantiy larger sister lastitution,^ Electric Power Research 
institute (EPRl), tne extensive joint efforts -with the Energy Research ana ' 
Oaveiopment Acministration (.EROA) ana then the Department of Energy (DOE); ano 
onnging into the aecision-making processes consumer ana other public-interest 
representatives. .Prominent among these representatives is a substantial 
nanber of sitting state regulators and several eminent eoucatojrs, 
environmentalists, ana former federal regulators. GRI thus became the agent 
for financing, planning, and managing the R&O of its 29 inter3tate pipeline^ * 
me«oers which are responsible for more than 95 percent of all interstate gas 



sales. ^ 



However, because of the limited vertical integration of the regulatea gas 
industry, a mechanism also had to be developed for sharing control m the 
management of GRI between the interstate pipeline transmission companies, 
wbich were responsible for collecting the preponderance of the funds under 
Federal Energy Regulatory' Commission (FERC) jurisdiction, and the distribution- 
companies which had to pass through these charges as^part of their purchased 
gas costfe to their ratepayers under state commission jurisoiction. Of course. 
^ even more fundamental in this shared control over the affairs of GRI was the 
^ makeup of its RdO program. It had to properly reflect not only the ultimate 
ratepayer interest, but also the often Quite different interests of the 
transmission ano distribution segments of the inoustry. The solution was 
found in having boara representation of these two segments,^ including assured 
minimum representation of the municipal aistnbution companies, i.e., the many 
usually relatively small- companies owned by local governmental bodies. Thus 
GRI was created as the central element in the gas industry's response to the 
neeo for a viable technology base. 
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I-^ xts review of GRI's opp^icaticn, tr>e FtRt places a high priority on the 
rccrci-ation of CRI's program witn Qovernment ana irc^stry RiO programs. GRI 
'uit orrua.iy Prov^ce "...evicence tnaC an effective -necDanism exists and is 
-sec rcT cccrcmatir.^^ tnis researcn arc cevfeiopment plan with other relevant 
everts c* rational sccpe." 

wriie tne Comissior\*s ccorcination directive was broaa, it recogmzea 
tnat CC£ "is tne principal organization with which GRI's program must be' 
^-►armcnizeQ." GRI piaceo a high priority on cooromating and, m areas of 
mutual interest,' on cofLJXUng research projects with 00£ ano other federal 
at^encies. GRI acopteo a aeliDerate strategy to stretch GRI's limited funds 
Dy uofundinci or cooperatively funding projects of common interest with OOE and 
other government agencies. Jhi's allows GRI to attain greater R&O benefits per 
ratepayer coiiar than if it funded the entire project on its own. 

By placing a high priority on coordination, GRI aimed not only to meet the 
FERC requirement to coordinate its research with the .national effort to 
eliminate the application of research efforts but also sought to focus the . 
attention and financi-al resources of other funding organizations on the 
research needs of the gas industry. The importance of working to expand 
existing R&o efforts rather than to absorb them was* reemphasized by th^ 
Commission: 

... we put GRI on noti.e that as its program matures we 
shall insist on clear evidence t^iat its efforts are 
ccmplementary to and not competitive with those of other 
ROiD organisations. 

GRI was highly successful in attaifting cospansorship of gas-rel£tted 
research. From the creation of GRI to 1981, the size of government, and 
mcustry co sponsorship grew substantially. This effort resulted m a combined 
government afia industry coordinateo funding level of $i^6.4 million in 19dl. 
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This (urtaang, when conbined with GRI funding for contract R&O, amounted to a ' 
aationai gas R6D program of $164,9 million in 1981. This 'was supplemented by 
approximately $aO million of research funding by individual gas companies to 
"aco^ess issues unique to their service area. 



GRl COORDINATED FUNDING HISTORY ' 
(S Millions) 
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DOE and GRI have cosponsored research in fuel cells, bianass, industrial 
utilization, heat pumps, unconventional natural gas, geopressurea methane, 
in-situ coal gasification, and environmental research. In adOition, DOE anc/ 
GRi have continued the jointly sponsored coal gasification program that began 
in 1971 as -a cooperative effort of A.G.A. ana the Office of Coal Research. 
The total funding under the joint coal gasification program through 1981 has 
been $187 million, of which t^e gas indus^;ry has provided one-third and the 
governm^t^has provided two-thirds, 

' Much of the effectivepess of GRI's program during the firs^ five years 
/depended on expanding GRl's limitea funds v?ith DOE funds on projects of common 
interest. While this stimulated more coopjer^ively funded gas-related Rtf) and 
allowed GRI to gain exceptionally high benefits from its RAoSavestments, it 
also resulted in GRI following OOE's lead in most long-term technologies. 
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wltn significant fpcerai 'R6D expenaitures, GRI was able to rely on OOE to f^joo 
ti>? critical mass jof funcs necessary to support a research program. GRi 'was 
3Cle tc concentratje its funos an expanding projects or programs to meet the 
specific neeos ciT^the regulateo gas industry ano the gas ratepayer. 

In many instances, tne very large entry costs ^ a given R&D area were 
properly borne D> tn6 governfrent, while tfte 'much lower costs of suDSequent 
research activities v^ere Dorne by GRI. For instance, in geopressurea methane 
gas research the cost of anlling experimental wells wouia be borne by the 
governnient while uRl wouio pay for subsequent research activities, such as the 
-aiagnostics anc analytical evaluation during and following well stimulation. 

The major i-tipact on the success of GRI's cofunding strategy was the 
OOfuinant importance of energy and national energy policy auring the 1970' s, 
Fecerai energy functions were consolicJateo into a cabinet-level Department., of 
Energy, federal 'energy budgets 'soared, ano, most impqrtantly, the goverrvnent 
assufiieo tne major'responsiblity for determining the nation's energy future. 
National energy plans were prepared; . targets for the commercialization of ' 
technologies were set; and prootiCtion goals were specified for a^variety of 
fuels. As Secretary Duncan testified in January 1980 before the House 
Cornmittee on Scie?)ce ana Technology:' "The Department of Energy sees its 
mission as assuring the Nation's orderly transition from an economy dependent 
Lpon oil to an economy relying upon diversifiisd energy sources/' 

^While the priv<ate sector retained xts traditional responsibility for 
co'Timerciaiizing technologies, the government believed there were ovemaing 
national concerns that requirec the federal governoient to intercede in the 
marketplace. As- Secretary Duncan noted, "...energy, and particularly our 
aependence cn^ foreign oil, has more to do today w^th our inflation rate, the 
value of the dollar, and our balance of payments deficit than any other 
component . * 



136 



192 

With the election of ^President Reagan, the philosophy of the goyernrwnt's 
role in energy shifted significantly. The government forsook .the 
responsibility for determining whether and when technologies would enter the 
marketplace and ceiegated the responsibility for detenninj^ the future energy 
mix to the private sector. The Administration believes, collective 
Judgment of properly, motivated technical innovations, businessmen, and 
- consuners is generally superiof to any form of centralized programning." The^ ^ 
Acministration asserted that its most direct role was to bring the enormous 
eoergy resources controlled by the government into the en^y market;place- 



Effects of Changing Federal Policy on Gas^elated^R&D 

The Reagan Administration has proposed to radically change the size of the 

feoerai energy research budget and to encourage inoustry to fund more of its 

own research, especially near*- and mio-.term projects. This pplicy is 

surrmarizea in the Pre^dent's National Energy Policy Plan as follows: 

Public spenpin^ for energy. related purp^eSj is secondary to 
ensuring that the private sector C9n respond to market ^ 
realities. ''Even then, federal spending should be 
considered only in those promising areas of energy 
^ production and use where the private , sector is unlikely to 
invest.... Public spending is appropriate (ano will 
continu?) in long-term research with high risks, but 
potentially hig^t payoffs. In most cases, however, using 
public funds to subsidize either domestic energy production 
or /Conservation buys little additional security and only 
diverts capital, workers, ^ and initiative from uses that^ 
• * contidbute more to society and the economy. 

•* • 

V From its inception, Gf^,.in response to FERC-guidance and encouragement by 
•DOE, has relied on extensive federal ^and industrial cofunding to cari^ out itJs 
research programs. The federal government' s current R&O policy emphasizes 
long-term, high-cisk projects with' major reductions^ in near- and mid-term 
• R4D. This philosophy has resulted in rapid, sijbstantial cutsln POE's ^040 
buoget and further pianpeo cuts based on the assunption ^hat DOE or it$ 
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successor agencies will concentrate on the long-teiu), high-nsk researct) that 
ifoustry will not perform m response to normal market incentives. 

The imp^t of the new feaeral energy policy on GRI and gas-relatea 
research is reaoily apparent in the change m the size ana distribution of 
feoeral gas-relatea RAD Duagets. The feaeral bucget for energy ROiO and 
gas-relatea research grev. dramatically over the past seven ygars. The revised 
FY 1982 OGE bucget clearly illustrates that this trend has changea. 

Most of the D0£ gas-relatea RiO is funded through the Fossil Energy 
program and the impact of the new philosophy and funaing strategy seriously 
reduced these efforts as shown below. 



Technology Area 

Advanced Research and 
•Technology Development - 

Phosphoric Acid 
Fuel Cells 

Underground Coal 
Gasification 

Surface Coal 
Gasification 

Enhanced Gas 
Recovery 

Total 



DOE Fossil E.nergy Gas-Related 
Research Budget 
($ Millions) 



Carter 1981 Budget 
$14.5 

14.0 

10.0 

159.9 

30.6 
$229.0 



Reagan Revised 
1982 Budget 

$12.5 

10.6 

8.6 

54.0 

. 10.6 



$96.3 
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When the remaining gas-related activities of the Oepartment'are 
aoced, the net effect is that DOE requested $162 million less in FY 1982 
for gas-related activities than the Congress appropriated in FY 1981. 



DOE OAS-RELATED BUDQET 
($ Miljipns) 



FY t<«2 - 

FY \n\ RtvUtd 

Approprtitlon W»qmH Chan^t 

( 

2290 96 3 -132 7 

G«opre55ur«0 Methane ^0 20 2 ■ '5 8 

Energy Con$efva..oo 220 UO - 100 

125 30 - 9^ 

270 300 ♦ 3Q 



f^ossti Energy 



Bjomass 
En^tfonrtient i S 



357 5 -^62 0 



The sudden cutback of DOE gas-related RD&D re quired a substantial 
Change in the R&D strategy of GRI becaufee the lev el, of funding by DOE for 
-related research has a irb.ior inpactln the scooe and size of the GRI 



gas- 



program. When the size or t 
SbOdenly makes a significant 



tr end/bf the DQE budgets in these areas 
(either increase or decrease) ^ it 



plays 



maTor role in uetermming future GRI budget levels . While GRI is 



.) 



not cof jnding all of these research areas, 'if <here were no government 
' funos, Rl would have to consider funding some of these research projects 
Since t/ey' support GRI objectives and are an integral part of GRI R&O 
strategy and the development of an adequate gas technology base. Without 
the pot I'unds, research efforts in cofunded efforts such as on-site fuel 
cel/s, u^onventionai natural gas, heat pumps; coal gasification, and gas 
fabm biotDass would be either dtfastical^ curtailed and research 
tnllestones slipped or else GRI's budget would have to be increased ^ / 
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signaficantiy in these areas while other research areas of a long-tenn 

' natcre would nave to be carcellea. 

GRI revised its projections for coordinated funo^ng to reflect the 
□grease inV*derai cofunging ara accelerated its efforts to obtain 
iooobtriai curunoing. While GRI originally anticipateo $82.4 million in 
fecetdi cofunoing in 1981, tnis projection was r'^vised to $62,6 million. 
Movievtr, a suostantiai increase in industrial cofunding nearly eliminated 

►the^urups in federal funding. In 1982, coordinated funoing is expected 
to crop Dy $31 .S^ million in spite of an expected increase of ^ ^ 
SIir.2 million in industrial coorS-inated funoing. Based on the OOE 
FY 1^62 g^s-related budget ano policy to continue fundif^g in long-term, 
high-nsk research, GRI expects coordinated funding to drop to 
$28. y million or even lower in 1983. How much lower coordinated funding 
levels uroO will append upon the degree to which the Administration moves 
to eliminate the recnaining near-teim activities and to eliminate or 
significantly reduce its sponsorship of long-range, gas-related 
technology aevelopment. 



REVISED GRI COORDINATED 
FUNDniG PROJECTIONS ($ millions) 

EZ3 o*. 
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The AdmikKtratlon is expected to request a budget that ^Id s 
essentially elinaoate DOE'S sponsorship of conservation R4D and confine 
the Department's involvement in solar energy to a t^hnology base program 
for iong-tenr options. The AOfninistration i& expected to request an . 
FY 1983 bujget for Fossil Energy that is reduced roughly by 75 percent , 
from the budget it requested for these activities in FY 1982. 

The expected FY 1983 DOE budget request would severely impact major 
current OCE/GRl joint program^as can be seen from the chart below: 



POSSIBLE I^Y 1983 DOE FUNDING IMPACT 
ON MAJOR DOE/GRI 30INT PROGRA^IS 



unconventional Natural Gas ' DOE Program Terminat^o 

, Gegpressureo Methane . .DOE 'Program Termin^teb 

underground Coal Gasification R4D ^ DOE Prd^ratn Terminated 

On-Site Fuel Cells RAD D0| Program Terminated, 

Gas Heat Pu^s OOE Program Terminated ^ 

Methane from Biomass DOE Program Terminated 

Surface Coal Gasification DOE Funding Severely Limited 



GRI Response to Revised Feoeral RAD Policy 

In reaction to the change in government R&O funding policy, GRI discussed 
a variety of option^ with its Board of Directors and adopted the following 

strategy: « 

0 GRI Should assume a mor# effective leadership rdle in gas- re la ted 
RiO As the level of federal funding and support declines, GRI . 
most become more aggressive in assuring that critical research is 
V continued at adequate funding levels. Essential near-term 

\ ' research must be funded oy GRI if it is in the consumer intpi;est. 

^' GRI should continue to seek cofunding with DOE inaong-term 

research projects. In determining whether to cofund a project 
with OCE, GRI' should give consideration to the relative size ot 
the DOE cohtribution and to the long-term contnitment by DOE. GRI 
Should carefully assess OOE's program goals and objectives before 
entering into any joint program to make surp that they are 
consiSftgnt with goals and objectives of GRI. 
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G uKl snoult ipcreast its already extensive efforts to ctitciin ' 
iXreaseo cofunoing from moustry. This not only proviaes a 
partidi ^uDStitute for government support, it also improves the 
prospects for ccfivnerciaiization. This substitution is alreacy 
k^ncerway to compensate in part for the loss of about $20 million 
ir expect fco gcverrxent funair^g fgr calendar year 1981. 

0 GHI shculo reevaluate its projectea 1963 CuJget in lignt if the 
Significant changes in national energy RiD policy. An exAanaeo 
Ducget snoulo oe prepareo if necessary to make sure^that T 

ff icient funcs are" available to achieve the objectives Jf the 
GRl R40 strategy. ' 1 



In keeping with these airectives, ana m recognition of the changea 
feceral policy, GRI has reevaluatec its 1983 research budget ano is proposing 
to increase tnat budget from $107.5 million, which was originally planned and 
projjjcted in its. application to t^e FERC /or, the 1982 program, to 
approximately $120 million to meet the continuing critical need for near- ano 
oiiQ-term research. 



GRI FUNDING 
ADJUSTMENTS 




1112 fUft) ^ C«l fti4i 
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As Shown below, this proposed budget growth will continue the emphasis of 
inaustry funding for near-term efficient utilization programs in recognition ^ 
of the Administration's policy ot terminating this research and conceiatrating 
Its resources on long-term, high-risk research. ^ ^ 



GHi R&D BUOCei SUMMARY ($ Millions) 



Total RiD 
Program Area 
Supply , 

Environment, Safety, 
ano Distribution 



1962 
$ 83.7 

$ 26. a (31.5%) 

$ 10.6 (12.6%) 
$ 56.0 (43%) ^ 



Proposed 
1963 

$118.6 



$ 33.1 (27.9%) 

$ 14.7 (12.4%) 
$ 57.2 (48.2%) 



Efficient Utilization 

Note: Percentage figures indicate share of total R&D^ budget 



This funding strategy has been devised in an aLttempt to save critical 
projects from elimination while, at the same time, fulfilling the gas . 
industry's near-term technology needs- 
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Specific GRt progran)s where funding increases will *be,confcentra ted to 
orrset tne loss of DC£ funoing are m the areas of uhcoaventipnai gas, 
, regional dno lano biomass, on-site fuel cells; gas appliances, gas heat 
pufnps ana inous'triai utilization. 



GRI NEAR-TERM BUDGET INCREASES ($ Millions) 

^ Approyeo Proposeo 
Budget budget. 
■ * 1982 190% 

''unconventional Gas* $10.60.v 



. $18.70 

Regional ana uana Biomass 2.90 5,65 

On-Site Fael Gells 11,35 15.60 

Ga5 Heat Pumps 7.00' 12.10 

Gas Appliances » 3.97 " - ^ 6.50 

Inqustfial Utilization * 7. 90 * 12.15 



SA3.72 $74.70 
Proposed 1983 aidget Increase = $30.98 



Increases in funding for unconventional natural'gas will be focused' 
•m areas-^blanket tight gas sands and Devonian shales. 

In the. bipmass area, additional funding will be applied to near- term 

research, ttiuch of which is being carried out by thS University of 

Florida's Institute for Food ana Agricultural Sciences (IFAS) uncer a ^ 

joint GRI-IFAS program. ' 

% Increased funding for development of fuel cells will be used to 

! ' ' ' I 

suppgH the on-site fuel cell^ield test program which Gfl had been 

jointly funding with DOE. , *' ' 
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In the heat area, GRI funding will be oirected at picking up 
wotk previously supportea by OOE. / ^ 

Inaustriai utilization prpgrams will receive additional emphasis witi^:-,^ 
increased funding in several project areas including cbgeneration, 
cevelopment of ceramic fiber insulation, ana RiD on advanced burner 
systems. ' ^ 

This proposed increase in CRl 1983 funding will only be sufficient to 
fill the gap' in near-term gas-related research left due t o the severe 
reouctions in feoeral spending. Therefore, it is es sentaal that the 
feoeral qoverment maintains an adeOUdte lono-^term resea rch program to , 
'support the gas industry's technology "tiase . 

The gas industry, in the face of this shift in federal energy policy 

and growing competitive^pressures, must be assured of the availability of 
» 

a gas technology .base to continue to be able to offer reliable service to 
U.S. gas consumers at the lowdst possible cost. * ' 

Establishing Federal Energy R&D Priorities ^ 

During the past eighteen months, the perception of the^ federal role 
in the support ana funding of energy R&D has drastically cfTanged. 

. OLD FEDERAL RiD POLICY 

Essentially? the past federal policy consisted of the'following 
points:' 

0 Rapidly expanded energy research budgets in all sectors, 

0 Funding of major pilot plant and demonstration plants in fossil fuels 

0 Significant research in near-term energy supply and utilization 
technologies, 

0 Assisting industry in tfle^ownercialization of new technologies, and 
0 •Policies designed to reduce the nation's vunerability to oil imports. 
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' Now, the new policy is based on the following points: 

0 Rapifl reduction of nap-nuclear energy research budgets, 

0 'Drastic reouction in funding of all near-term energy RdD except 
nuclear energy, \ 

0 Abrupt shifting of the sponsorship of near-term RiD to the private 
sector,-, » 1 

0 Elifrtinatl«Ra)f the fedSrai funaing of techn<ilogy demonstrations, 

0 Elimination of assistance to industry in commercialization of new 
technologies, 

o Rejection of national pl'knning to reduce the nation's 
vulnerability to oil imports, and 

' ' \ 

0 Focusing the federal funalfng of energy R&D on long-term, high-risk 
projects. 

Such an atjrupt change in polioV must recognize the following factors if it 
is to be effective ano supported by\ industry: 



0 The policy must be applied fairly to all sectors of. the energy 
industry to prevent market distortions. 

0 The difference in response time required to increase funding for 
near«term technology for different sectors of the energy industry 
must be recognized. 

0 The current status and funding of the technology base of different 
sectors of the industry are different. 

0 Past federal R60 policies and funding levels have already created 
distortions in the ability of different sectors of the economy to 
respSbno to the new energy R&D policy. 

0 TV»e ability of the regulated energy sectors to capture the 
economic rent accompanying free market pricing of energy is 
severely limited ccmparea po the unregulated oil ana coal 
companies. 

The Energy Research Advisory Board (ERAB) put these factors in proper 

perspective in its report Federal Energy R&D Priorities dated November 1961. 

We applaud greater reliance on the private sector whenever 
possible. We applaud the restoration of a free market in 
•^ petroleum. ERAS believes that much, perhaps most, of new 

energy supplies and greater efficiency in energy use will 
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in fact be achieved by higher energy prices. But GRAB is 
coix:ernea that sane energy R&D of great potential 
significance for the achievement of the Nation's energy, 
goals will fall betvreen feaeral and industry 
responsibilities. \ ^ , 

The new poligy recognizes that private inoustry cannot^ be 
expected to ao basic energy research or projects of 
looa-teitn, higher risk character. But there are other 
circumstances iW which it would be unrealistic to expect v 
timely ana effective assumption by inouetry of RAD ^ 
responsibilities abdicatea by the government, however 
worthy the projects involved, and despite the provision of 
new -^rous tax incentive. Some oT these circumstances 
are . scussea below. 

Some of 'the markets on which energy is sold are not 
"free." Oil and coal are the exceptions. A little over 
half our primary energy finds its way to con sumers through 
ihe electric anb gas utilities, and the utilities are 
regulated; price-controlled industries, selling threir 
products not at free market prices, but at controlled 
prices well below replacement cost .* The consequences are , 
that considers of gas and electricity have less ;0f an 
incentive to conserve (ana, therefore, to undertake 
research on conservation) and that producers of electricity 
are so strapped financially that they cannot^ afford 
conventional additions to capacity, let alone demonstration 
projects or any expensive RAD. Gas producers are faring 
somewhat better and can look forward to eventual decontrol 
at the wellhead, £)ut gas transmission and distribution will 
remain under control indefinitely and so presumably will 
the investor-owned electric utilities. 

Both these regulateo inoustries have weak incentives to 
speno on rap, it successful, the oenefits go to^ 
" ratepayers; if unsuccessful, the expenditure inay be 
aisaiiowea as "imprudent ."* In the case of electricity 
(but not gas), a substantial amount of RAO has been 
unoertaken by large research-oriented equipment suppliers. 
Ana curing the past decade the "invention" of a device for 
financing inaustry-wide RAD by ratepayer levies through 
EPRI and GRl has enhancea the ability of Ijoth industries to 
respona to RAD needs ana provided an alternativerto some 
governnentlsponsored RAD, but the total annual budgets of 
tOe two institutions (less than $300 miliion and 
$100 million respectively) are far too sm^ to permit them 
even to contemplate financing detnonstration or 
first-of-a-kind commercial plants at a billion or more each. 

Some energy- re latecf industries are too fragmented to 
organize and finance 'a strong RAD response to market 
Signals. Inaividual" units lack the financial strength, and 
realize too well that the' benefits would accrue mainly to 
other units. 

♦Emphasis aaqed. * •» ^ ' 
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Even wnere some larger units exist, industries with a 
strong RiD orientation ano capability are the exception in 
America. Most of our industry-sponsored R&D is now highly 
concentrated in a few industries. The reasons may be 
historical, institutional, or aovantageous. A stJrong'RiD 
response to price signals' requires both motivation ano 
capability , in many cases the capability is simply 
lacking, ano while it can^be oeveloped in given time, the 
time requireo to builo a strong research organization is 
measureo in years. 
» 

In estaDlishing feoeral energy RiD priorities consistent with th^ 
Aomirustr at ion's policy of concentrating its funds on long-term, high-risk 
research that will not be funded dy iiHoustry in response to market incentives 
and in recognition of the need to reduce the level of federal expenditures, it 
is recommenoeo that the following principles be followed: 

0 If successful, the research will have a national benefit. Either 
the resource base is sufficiently large or the potential so great, 
that a successful program "can have an impact on national energy 
policy. 

0 The basic federal policy of funding only long-term, high-risk 
energy RiD will be applied consistently to all sectors. Near-term 
^research results can only ^e commerqialized by industry; 
therefore; this is a proper role for industry. 

0 the benefits of the research cannot be captured by an individual 
firm. The results must be oroad and applicable across an enti^^ 
sector. ^ ♦ 

0 The research must have significant cofunding (actual cash) by ' 
industry before any technology will be developed at the large 
pilot plant scale. This Should help ensure that the research 
potential is very good or industry won't contribute funds. ' 

0 The unique oisincentives for' the regulateo moustries to funo R&D 
will be recognized. This will require a cooroinated transition to 
shift funding to these inoustnes. ^ 

0 The Different responses between the regulated and nonregulated 
. moustries to free market pricing for energy and the subsequent 
ability to rapidly and significantly increase R&O funos must be 
recognized. 

0 Feoeral funomg of energy R&D will not intentionally favQr one 
energy *sector m comparison to other sectors. 
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f Establishing federal energy R&O prloUties using the above principles 

woula provide for equitable treatment of ail sectors of the energy markfet and 

will ensure that the research is in the national interest. A statefnent of the 

basic principles ana new RdD priorities should be stated in clear^ concise 

tertns for public debate. The policy should not be created through the budget 

Cocufl«nts, but rather the bwcget documents should reflect policy. 
... \ 

Impact of Uncertanitles of Federal Energy Policy 

Industry , especially the regulated sectors of the energy industry, cannot ^ 
rapidly respond to abrupt changes in federal energy R60 policy. As an'' ^ 
example, GRI's activities are planned and funded through a mechanism that is 

"subject to an arrjual review and approval by the FERC and, where intrastate, 
sources of gas are involved, also* by the cognizant state regulatory 

^caTmsslons. V This procedure requires approximately 15 months from the lime 
the RiO plan is developed until it is finally approved. This allows 

"sufficient time for the extensive review process necessary to establish that 
the plaiYied research is in the public interest and will be of siiistantial net 
^^t^pefit to the gas ratepayers. However, it alsd precludes the gas industry, 

\hrouQh GRIj from rapidly shifting or increasing its R4D funding. 

In Its 1982 application to the FERC, GRI emphasized the reduction in 
near-term feoeral R^ for gas-related research and accordingly increased its 
research funding in those areas. In fact, funding for near-term projects in 
efficient utilization and safety and distribution research was increaseo by 
45 percent as compared to an overall research budget increase of 22 percent. 
In approving the CRI 1982 research program, the Commission stated in Opinion 



No. 131:' 



GRI is not a goverr<nent entity; it is the agent of its 
members in^conducting R&O on behalf of the regulated gas 
industry. The Department of Energy agrees that GRI 
represents the private sector ano that GRI and the private 
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sector in general nxjst, in view of OQ^'s.witharawal fron 
' ' near- term energy rad, funa more— not. less— of these 
activities. We agree. 

In planning its 1983 research program, GRI is proposing to significantly 
increase its buaget for near-tenn research. Of the plannecJ increase of 
approximately $36 Tnillion for contract research ($83.7 million t(^ 
approximately -$120 'million), over $30 million wifl be for near-term research 
to offset the loss of 0C£ cofunding. 

Milh GRI's shifting -its research to offset j^art of the OOE reduction in 
near-term research, recent predictions of further federal budget cuts in 
gas-related research ana teirnination of several long-teim, high-risk'res^arch 
projects cause significant concern. 

^ Moreover, for a long time I have expressed my d6ep concern to OOE and its 
predecessor agencies about the disproportionate federal support of electric 
powar RDAO as contrastea to federal support of gas-nslated RD&O which has 
lingered at lo percent or less, althoOgh gas has and is expected to play a 
very major role in meeting U.S. energ/ requiements. Thus, reports on likely 
increases m the already huge nuclear RO&O effort while unconventional natural 
gas prodtction, geopressured methane, underground coal gasification, and 
advanced gas utilization technology RDdO are severely cur^tailed, further 
increase my concern about the priorities of the federal energy RWcD budget. 

To be more specific, let me comment on three proposed shifts in federal 
R04D poiicy that shoul-o be examined in detail. 

o Major cuts m research on unconventional natural gas are based on 
the assunption that natural gas prices wi^l be deregulated. Even 
' if natural gas is deregulated at the wellhead, these potentially 
major supplemental sources of competitive-cost gas may not make t 
major contribution prior. to 2000 because unconventional gas ^ *J 
spurces compete poorly for investment dollars with traditional 
exploration for conventional oil and gas. There is little that is 
. able to be patented or licensed, and individual holdings are so 
small that the R^ cost per unit of' production is high. 
(Jonsequently, coivonies are reluctant to expend sufficient R4D to 
develop the technology required to produce any but the * 

e 
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geologically most favorable unconventional gas resources, 
inaustry R&D, to date-and in the foreseeable Cuture, therefore, is 
^imitea to high payoff, near-tenn efforts. A government/gas > 
industry research program needs to be continued if we are to tap 
these resources. ' 

"o elimination of goverrtnent conservation 'research programs, which 
nave been underway for several years, such as fuel cells, 
incustrialyfjrocesses, and technology developc>ent that uses gas 
Should be examineo on an individual basis to be sure that the 
inoustrial infrastructure is in place for industry to assixne the 
research funding before these programs are abruptly cancelled. 

0 The further reduction of the already minimal federal support of 
qas-related RO&D assumes that this represents even-handed 
treatment between the oil and regulated gas industry. J^^^eased 
prices for gas do not enhance the ability of the regulated gas 
incustry to fund increased R&D. 

The one key concern that I have whiCh is common to all of the above policy 
issues is that ongoing quality research programs will be cancelled under the ^ 
assuiption that industry is able to automatically respond and continue the 
research^. All industries are not alike, and therefore, a blanket assumption 
'that what is true for the oil Industry is also true for the gas industry is 
erroneous. It is for these reasons that any simplistic assumptions about the 
ability of the regulated gas industry to instantaneously increase it^ funding 
of energy R&D to offset reductions -ST^federal funding will lead to a further 
reduction in the gas technology base and increased oil imports. 

Exantnes of Federal Role in Lonq^- Term Gas Research 

There are important high-risk, long-term, high payoff areas pf gas-related 
research that continue to require government sponsorship. This research meets 
the Administration's policy guidei^es and is consistent with the Principles 
and R&D priorities outlined in the preceeding- section. It is especially 
im^rtant for the government to maintain a strong long-term, gas-related R&D 
program now while QRI and the gas industry are in the process of restructuring 
its strategy in orcer to take the lead in near-tertn R&D as the government' 
rapidly abandons these programs. During the 1982 to 1986 time period when -the 
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'gas inaustry is significantly increasing its funoing of near-term RiD, the 
^eral government must maintain viable funding for critical energy r40 
programs ano strengthen its long-term gas RAD programs. A complete list of 
reccmmencea feoeral funding and projects for long-term, gas- related R40 in 

1983 is presencea m the first two exhibits at the end of the testimony. 
It should be no tea that this recorrmenoation, while totalling approximately 
$100 million, is..only half the .level of funds appropriated by Congresc for 
gas-relateo research in FY 1982. This is consistent with the necessity to 
recuce the level of feoeral expenditures, but at the same time it continues 
critieai, ongoing, long-term gas R40 programs. 

•^following are discussions of four examples taken from these 
rec^endations. These discussions highlight the long-term research needs of 
each technology. . 

unds^^rojM) coal gasification * 

Underground coal gasification C-UCG) is an excellent example of a research 
area that clearly meets the Adfi|inistration's requiremeats, 'The high risks 
associated with lCC technology currently preclude industry from devel-pping the 
technology .on its own. ' Before industry would be\^illing to make major " 
investments, several basic technology issues must.be resolved such as the 
ability to successfuUy link modules. DOE" should'carry this program forward 
to the "proof of concept" point. UCG offers the largest potential for maior 
reductions. m capital investments of the different processes and method^ for 
producing a j^edium-fatu ga§ from coal. One of the benefits of UCG is that the r 
development of »this technology is not specific to any end product. The gas 
produced from oxygervblown UCtl differs little from the synthesis gases ' 
^prcduceo in conventional .suT^ce gasification processes and can be converted 
to a variety of end products--^nthetic pipeline synthetic hydrocarbon 



liQUios, methanol, hydrogen or ammonia. DOC shouldWoncentrate on developing 
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the- technology to produce a synthesis gas rather than on a particular end 
procuct and leave inaustry with the flexibility to make the decision on what 
procuct to produce based on market conditions. 

If) addition to UCG's benefits as a source of gases and liquids, the , 
successful development of UCG technology would significantly expand the 
utility of the extensive U.S. coal reserves and resources.' This technology is 
mtenceo to exploit coal seams that are too steeply dipping, too deepj too 
thin, or of marginal quality for ecor<ol!iic surface or deep shaft mining. Thus, 
unoergrouno gasification does not compete with surface gasification for 
available domestic coal resources. Analysis by OOE/LLnl indicates that of the 
6.4 trillion tons of oomestic coal resources only 450 billion tons are 
currently economically mineable and therefore can be counted as proved 
reserves. Of the remaining sources, DOE estimates that 1.8 trillion tons may 
be suitable for exploitation by underground gasification, UCG, therefore, 
represents a technology with an enormous potential for increasing the size of 
our coal reserves. Jhis has implicat^oris'.that go beytnd the obvious benefit 
of increasing long-range supplies of inaigenous. energy resources. The federal 
^overment owns or controls four-fifths of the coal west of the Mississippi. 
The government needs to know whether pr not UCG works and is economical ^o 
assess the value of its extensive holdings. The successful development of the 
technology could significantly increase the value of the land the government 
intenoa^o lease and ensure cost-competi^^teLong-term gas supf^lies. 



8I0MASS . , ' . 

. Key targets for major long-term RAD investments are land- and marine-based 
biomass prpduction and conversion. Not only is biomass a credible option for 
long-term energy supply throughout the world, it is also a critical hedge ^ 
technology in case the cqal opUons cannot be f^lly exploited because of the 
carbon dioxide problem an(J in case the nuclear option continues to falter 
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because of socio-political, operational; or econanic reasons, The problem 
here, of course, is proper planning so that energy' crops do not^conpete with- 
fooo crops for scarce arable land' Jhat is why the ocean alternative looks so 
promising. But our own recent experience with the agricultural industry of 
Plorida also points to the possibility of rotation of food and energy crops 
ana other schemes that do not compromise food production/ fe^^ther case, 
land or mari/ie biomass, the potential of bxot^ss RAD is staging whe^ one 
considers the work still to be done in hybrids and genetic engineering, let 
alone in the agricultural sciences and on trre economic <3evelopment of 

anaerobic digestion technology. ^ 

a 

G£OPR£SSUR£D f€THAN£ 

We neea to know more about the magnitude of the resource and potential for 
^econpmic proauction of methane dissolveo in the brines of tfil geopTessJUred 
aquifers located on- and o'ff-sKore along the Gulf Coast, The science of ^ / ^ , 
locating geopressured gas resources and of assessing their size, ^geophysical 
and ch^cal properties, and recovery potential is in its infancy. < Little is 
*known about the geologic and productivity characteristics 5f> potential 
reservoirs as they relate to the required economic rate of fluid delivery 
ability. Little data is available in the public domain on the physical andt. 
* chemical characteristics of the contained waters, such as tenipS^dture, 
pressure, and any dissolved contaminate, A long-range research program is 
needed to gather the scientific information necessary to understand this 
potentially irnportant national resource. The private sector is unlikely to 
.make investments in this resource because drilling and production costs aie 
uncertain and the majority of the resource is locatojCt on federal land, A 
substantial multi-year research program must be carriedTtout^as part of the 



214 



210 



overall federal long-term R4D role to reduce the uncertainties associated with 
methane an geopressured aquifiers. Only through this proper feyjeral program 
can tne true potential of this national resource be assessed. * 

UNCONV£NTION/\l: GAS 

unconventional gas sources compete poorly for investment dollar? with 
traditional exploration for conventional oil and gas. The substantial 
inprovements in the performance of the technology required to improve the 
attractiveness of the unconventional resources relative to lower-risk gas 
sources, including foreign sources, require complex, expensive, and high-risk 
K&D. There is little that is patentable or licensable and individual holdings 
are so small that the RiD cost per unit of production is high. Consequently, 
companies are reluctant to expend sS^ficient R&O funds to develop^ the 
technology required to produce any but the geologically most favorable 
unconventional gas resources. Industry R&D, to date and in the foreseeable 
Vuture*, therefore, is limited to high-payoff, near-term , efforts. 

bRI is sponsoring a research program aimed at increasing production in 
near-teim resources. However, federal sponsorship is needed to increase our 
understanding of the properties affecting reservoir stimulation and gas 
procuction in tignt formations. This is particularly important in the 
lenticular forn«tions in- the west and the^Devonian shales in the East. The >- 
responsibility for proouction-orientea research, and trial and error drilling 
Should oe left witn industry. DOE should concentrate on performing . 
experiments thdt are unlikely to ever be conducted by industry, but which 
could greatly enhance our understanding of these formations through the 
conduct of ^novel experiments. Two particularly good examples of novel 
experiments that ^ouid not be conducted by an individual firm are th^ Eastern 
Minet?ack Program in the Devonian shales and Multi-Well Experiment in the 
west. The Eastern 'Mineback Program is designed to substantiate the 
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* TiethocQlogy' ana results of stimulation ^technology through a series of 
experiments. Unlike previous experiments, researchers will have the 
capaDility of making actual physical measuren«nts and detailed instrumental 
Observations of the shale in plac^ to oet;BrmiQe the effect of stimulatioa,- the 
Dehavior ano extent of fracture, anp the acc'uracy 6f diagnostic tools among 
other factors. Through .this program, researchers will be able to assess the 
accuracy of present mccels and provide an. accurate assessment of the in-situ 
reservoir. 

4 / ' , 

The multi-v<ell experiment is designed to obtain the maximum amount of 
technical understanding of lenticular formations. The normal economic 
constraints of a private firm woulo prohibit the conduct gf an experiment of ' 
this type j^here wells are driUeo far closer to each other than would ever be 
done commercially to allow flow and pressure testing, betwfeen wells,, 
well-to-well geophysical testing, ano examination of geolog:^cal continuity. ^ 
The results are data and information that can be applieo by a "broad spectrum 
of ircus^ry. 

t * 

Summary and Recommenaations * ' h ■ 

*The potential' to have a significant increase in pil imports in the 
industrial ana power plant market is large ano is a national energy policy 
issue* An excessive flyup of natural gas wellhead prices upon decontrol in 
como^hation with a lack of an adequate gas technology base could lead to • 
permanent displacement of gas with imported oii in relatively low-technology 
heat energy applications. It is estimated that something on the order of * 
three to four million barrels per day could be switched, a thiro of it very 
w quickly, 

GAS IN STATIONARY APPLICATIONS 
.'Trie most critical problem from the national interest viewpoint is the need 
for gas^to remain competitive (and be allowed compete) in the industr>lai 



er|c 



216. 



212 



aiTO power plant markets. Unless domestic gas, and secure North American gas 
m generaf, keeps'' its dompetitive position m the industrial and power plant 
narkets vis-a-vis importea oil, the gratifying decline of , more than 
three million barrels per day in oil imports from their peak m 1977, and the' 
closely related softening of worlo oil prices, will be reversed, ^ 

As an example ot the role gas can play as part of a national effort to 
reauce oil imports, gas has already replaced 450,000 barrels per day of oil in 
stationary applications in the last two years. The potential for additional 
reouctions m importea oil through gas substitution is very large (as shown 
below) and mst be examined an0 given fair ^consideration as one of the key, • 
elements of a long-range solution to thC oil import dependence and 
vulnerability problem. 



FUEL SWITCHING TO INCREASE 
TRANSPORT FUEL'S AND ' ' 
REDUCE OIL IMPORTS hefined petroleum 

PRODUCT DEMAND (1910) 
iO*bt>Ud«y 



GASOLI^t 
JET FUEL 

OTHER TRANSraRT^FUEL USES 
STATIC NARY. FUEL USES 
LfO 
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[residual: 



RAW MATERIAL AND OTHER USES 
OJVREFINED PETROLEUM PRODUCTS 
TOTAL ' 



3 44 

17 03 



DISPLACE WITH GAS AND ^AL-ANO NUCLEAR-BASED ELECTRICITY 
TO MAKE MORE TRANSPORT FUELS 



DISPLACE WITH OAS AND COAL 



Data SoufCt ElA 1910 Annual Rtporl to ConQrt»» 



THE NEED TOR AN ^^PROVEO TECHNaOGY BASE 

The Challenge Vacing the nation and the gas industry will be how i:o retain 
or expana its industrial markets ano retain a portij/ft ot its utility markets, 
tnereby constraining oil imports, while continuing to provioe reliable 
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resident^ai/conTwrcial service at the least possible cost to consuners. To 
resp^ono effectively to this challenge will reqJire m^Jor improvements in the 
gas techfxjlogy %iase on both the supply and utilization enos. ' ' ' 

The rapia cutback of 00£ Fossil Energy and? especially gas-related R040 
wiU require a substantial change in the funding ana R40 strategy of GRI if an 
adequate technology base is to be developed ai^o m^tintaineo. Much of the 
effectiveness of GRI's program ^,as aependeo on supplernenting GRI's limited 
fu^ds by cofunding or cooperative funding of projects of common ^.riterest with 
OCE and other government agencies. Not only "has this stimulated more 
cooperatively. funded gas-related RiD, but is. has also allowed the gas consumer 
to gain exceplionaliy high benefits from its Rip investments. * 

with the recent change in government cofunoing prospects, this strategy 

must be reassessed. One remedy with many side benefits is to seek increased 

cofunding with inoustry.^ Not only does this provide a potential substitute 

for government support, it also improves the prospects for comnercialization. 

Such a Shift will require time. Thus, it is extremely critical that ongoing 

♦ 

federally supported IR&O programs related to gas supply and use not be abruptly 
cancelled under the assuryjtion that thQ regulated gas industry will be able to 
instantane ously increase its collection^f R&D funds and continue the work at 
an aoequate rate. • 

ReC^NOATlONS FOR STABILIZING ENERGY R&D PLANNING AND BUDGET 
The following steps would help to^stabillze energy R&O planning ano to 
provide consistent guidance to industry during the next few years as the 
transition from a vast federal role in energy policy and funding to a limited 
feceraf presence m long-term, high-risk research is completed. ' Without these 



2-18 



EMC 



214 



steps, the transition may t>e abrupt and critical research in the national 
interest elinanated. 



f, Expano and continue Congressional hearings, such ^ the one 
d^ocay, to get a fi^l debate on the proper federal Toie and 
procedures necessary to establish federal energy RiD priorities 
in" the natfonal interest. 

Develop in the feoeral budget total program costs for major 
energy projects. This will allow Congress to debate the merits 
of projects with the full knowledge of future budget 
requirements. 

Consider total program authorization for major energy programs, 
not just hardware development programs. This wobld allow 
program managers to develop program plans^and schedules based on 
research needs and technical progress rather tha^ uncertain 
annual budgets ^ * 

Conduct oversight hearings on a biannual basis to yerify that 
major energy programs still offer promise and are making , 
sufficient technical progress. 

Provide for multi-year appropriations to allow for proper ^ 
program planning. 

Mctft of the new emphasis on letting the market determine the 

'introductioa of new energy sources and technologies is basically sound. 

However, there is a continuing need for federal support of ROAD which is^ 

clearly in the national and consumer interest and which will not be 

performeo by the private sector in response to market forces for a 

variety of institutional reasons. In its examination of the FY 1983 
♦ 

budget, I ask the Committee to consider: 

u • 0 1 Competing energy sources should t>e accorded equitable RO&D 
funding. 

" ^0 If measures intended to achieve market ordering have such 

undesirable side effects as increased oil imports, uneconomical 
levels of electrification, and shrinking gas markets, they 
should fce avoided. 

^0 The current technology base and ability of the regulated 
segments of the energy industry to significantly increase 
funding of energy RD&D is severely limited compared to the 
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unregulated segtnent-s of the industry. Therefore, they require a 
transi^on period in oroer to absorb the near-term R40 
previously perfoimeo by OOE. 

P Feoeral funaing of long-term, high-risk, gas-relateo research is 
in the national interest. 

0 Long-tenn efficient utilization technologies need continued ^ 
federal Rio support because the needs of the consumer are not** 
fully served by equipment and appliance manufacturers. Fuel 
cells, advanced gas prime movers, and industrial cogeneration 
processes are examples meriting such support. 

While fnost of my' testimony concerns the inpadt of policy, and funding 
uncertainty on the research efforts of the regulated gas 'industry, I do 
want to mentioi one group that is especially hard hit by the rapid 
changes and continuing uncertainty. Our nation's universities, 
especially at the graduate school level, are seriously inpacted by 
funding- uncertainty. In selecting a research topic for a thesis, Ihe 
master's or doctoral canaidate must be reasonably certain that the period 
of funoing will last long enough for him to cotrplete his dissertation. 
It /nust certainly be a bitter experience to cemplete half of a 
dissertation under the act-ive support and encouragement of you^ 
university and federal government and then suddenly to have your funding 
tenrfinated. Constantly changing poli):ies discourage many of our best 
graduate students from applying their knowledge and energy to crucial 
areas of energy research. I hope ihis Committee will encourage OQE to be- 
especially Sensitive both to the vulnerability of our universities and 
especially to our students in considering which projects to delay or 
cancel. ' ^ * • * 

That concludes my formal testimony. Again, I thank the Cownittee 
very much for the opportunity to testify. I will be glad to answer-^any 
questions you may have. ' 

; - >" 
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Recommended FY 1983 DOE Funding 
Required for Minimum Gas-Related 
Long-Term Research Programs 
($ •Millions) 
Fossil Energy 



Tight Sands 'Henticular) 



S 6 



Devonian Shile (eastern mineback) 



6 



Advanced Unconventional Natural Gas 
(gas hydrates, abiogenic methane) 



4 



iri-Situ Coal Gasification 



10 



Geopressured Methane 
(two rrew hydrppressure wells, flow tests) 



16 . 



Coai Gasification . . ^ 

(advanced gasification, cat^iysts/basic research, 
materials. Great Plains? ; 

Advanced Fuel Cell Technology Development 
Tmolten ca/bonate, advanced concepts, 
on-s>t^ phosphoric acid) 



35 



15 




Subtotal 



$92 





217 



DOE Funding Recommendations (cont'd) 



. Solar 

Biomass Conversion (digester research) 
Genetic Engineering and Biomass Growth 

Conservation 

Advanced Gas Prime Mover 
Hydrogen ^ 

Subtotal 



$ 3 
2 



4 

3 



S 7 



TOTAL 



<9 

$104 
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PRINCIPLES FOR 
ESTABLISHING R&D 
PRIORITIES 

1. Results Must be of National Benefit 

2. Apply Federal Policies Consistently 

3. Only Industry Can Effectively Introduce New Products 
into the Marketplace » - 

4. Recognise Past Federal Funding for Energy R&D Has 
Created Distortions 

5. Recognize that Economic Rents for Higher EneVgy Prices 
are not Captured by Regulated Industries 
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RECOMMEMDED 
FEDERAL R&D PRIORITIES 



1. Concentrate on Long-Term, High-Risk Research 

2. Continue Long-Term Fossil Energy Research 

3. Continue Lortg-Term Generic Research in Efficient 
Utilization of Energy 

4. Concentrate on Research that Develops Generic Data which 
can be Applied by a Broad Sector of Industry 

5. Allocate Research Dollars in Relation to the Potential 
Contjibution of the Resource Technology 

6. Provide an Adequate Transition Period for Industry to 
Assume Funding of Near-Term Research Recognizing 
Different Response Times for Regulated vs. Non-Regulated' 
Irrdust/ies 

7. Fund No.Resear'ch Beyond Proof-of-Concept without 
Industry Cofu<iding 
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Mr FiHiiA Thank you \vr\ much; David, for aivery fine state- 

"^Our next witness will be Mr. Vico HenriquesVjthe president of 
the Computer and Business Equipment Manufactj/r^^rs Association 
We are happv to welcome you here this -RitJrning Likewise, it 
you wish to make your statement part of the record and summa- 
rize, we will happy to do that. 

STATEMENT OF VIC O E. HENRIQUES .PRESIDENT, COMPUTER 
AND BUSINESS EQUIPMENT MANUFACTURERS ASSOCIATION 
Mr. Henriques. Thank you. I would like to d6 that, Mr. Chair- 
man—submit my statement for the record. 

Mr. FuQUA. Without objection, permission to take photographs 
and recordings will be granted. 

Mr. Hekriques. Mr. Chairman, it is a pleasure to be herfes<MS 
morning. ^ , _ . ^ . 

I represent the Computer and Business Equipment Manufactur- 
^er& Association. We have some 40 members in the high tecjhnology 
area of computers and business equipment. Our membership in- 
cludes both small and large companies, and in 1981 the industry 
had worldwide gross revenues of over $50 billion and positive trade 
balance of $6 billion. . .... 

We would like to take the opportunity today to point out that we 
do have concerns about some effects of the budgetary cutbacks, but 
at the sameitime our industry commends the administration for its 
efforts to reduce inflation and to place the Nation on a more stable 
fiscal footing. . . j 

Our industry does not now rely heavily pn government-sponsored 
R & D., as we did in the early days of the industry. We are the 
indirect recipients of much of the benefits that come from govern- 
ment R. & D. The main, recipient of government funding for K, & 
D., as we are aware, are the universities and colleges of America, 
federally-funded laboratories, and others of similar nature from 
whom you will hear. Much of the basic research goes on in the uni- 
versity atmosphere. ^ . u j 
Industrial applied research and development, on the other hand, 
IS equally as important. Federal, State, and local government funds 
account for 75 percent of the funding, while industrial funds and 
nonprofit institutions apply an additional 21 percent. ' 

I am pleased that Dr.' Saxon gets 5 percent from industrial 
sources. Our national average figures, I think, are a little bit below, 
that, I tKink thpy range somewhere in the 4 percent level for sup- 
port of basic research. , 1 o u 

I would like to state also that federally funded R. & U. has 
brought numerous developments, which would be severely ham- 
pered by any long-term reduction in that funding, The commitment 
to technological preeminence in the United States requires ^hat the 
storehouse of, knowledge continually be replenished and ,ex^)anc}e(J 
If we act,to enable the Nation s high technology industries to par- 
ticipate, in the development of the science as well as the resultant 
products, we will go a long way towar(J assuring our continued 
technological preeminence. 
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Ai> a rosult tin* iiUoiiMvt- dTort in R. & D over the last 5U 
veai>, there hab bet n tht^ de\elapment of a group of high-technol- 
»og\ industriies which have» in turn, produced products responsible 
for much of the Nation's economic progress. These industries are 
the pnniar} industrial performers of R. & D. as well as major con- 
sumers of science and technology 

Our analysis has shown that ther? must be an appropriate bal- 
ance between research and development. To this end, we believe 
that the Government should strwcture itS'tax and fiscal policies to 
, encourage scientific research and indu^^trial innovation. The tax 
credits for research and development ^re of significant advantage 
in promoting ne\\ ii^vestment and in encouraging innovation. 

While bolstering' mdustry/universim' cooperation i,s important, it 
is equally important to recognize the necessity of industrial applied 
research and development The truncation of a process from basic 
research, through development, to final product must be avoided. 
Equal emphasis should be given to academic and to industrial R. & 

In order to infuse new capital, it is necessary to take into ac- 
count the serious effect that inflation has had on capital recovery. 
Much of the industry which I represent has capital investment the 
useful life of Which is less than 5 years, and the effect of inflation 
on capital recovery and reinvestment for research purposes can be 
easily seen. ^ 

Likewise, the United States should not dogmatically nor short- 
sightedly impose tax burdens upon its ability to compete. In the 
world there are diverse tax philosophies and systems in which 
other nations manipulate tax policy to promote their national ob- 
jectives. The concept of tax neutrality may have certain merits' 
which should be considered. Tax discrimination against foreign 
source income clearly puts U.S. firms operating abroad at a disad- 
vantage and should be avoided. 

As I mentioned, our R. & D. is capital intensjv6\M[any subjects 
lend themselves to the joint research projects' of the university-in- 
dustry or intraindustry variety, but this kind of research is lean in 
the United States, because the solutions to the proprietary and 
antitrust problems that beset this kind of research are widespread 
and the solutions need to be made before the full effects of re- 
search revitalization can be realized. 

I would like to turn to pne of our major concerns now, whichjs 
the existing and growing shortage of technical and scientific per- 
sonnel. We link this closely to the availability of university pro- 
grams funded in large part by the Federal Government. 

One of the critical parts of the science and technology infrastruc- 
ture is the Nations education system., We are experiencing short- 
ages of qualified personnel in several specific areas, notably com- 
puter science and some fields of engineering. We are told that 
these shortages may extend to other technical fields in coming 
years.. 

Unfortunately, the high demand for the best young talent in in- 
dustry is having a deleterious (effect on the Nation's universities. 
Not only are they finding it difficult to recruit and retain faculty, 
but they also find' it increasingly difficult to attract graduate 
students. 
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The dumebtic computer industry will have a yearly growth of 4 
ta 3 percent in the U)80'b. Computer-related jobs are expected to 
reach 2.1 million by 1990. In the information processing field alone, 
there will be major needs for engineers, computer spiervtists, techni- 
cians, operators, and wprdjp^.OGesSingspersohnM. r i j 
, In the i*ecenfl> completed National Science Foundation-funded 
Uudv bv Dr. Gillespie, who is the provost for computing at the Uni- 
versity of Washington, in the BA/BS level a supply of 13,000 gradu- 
ates m computer science was provided 'for 54,000 openings; at the 
mabter s level there were 3,400 graduates against 34,000 openings; 
and at the doctoral level, 330 graduates for 1,300 openings - 

To maintain oar technological lead, we must realize, as Japan 
and the Soviet Union have, and whose universities are graduating 
record numbers of engineers, that there is an increasing need for 
technical and science graduates. While the United States in 1080 
graduated 58,000 bachelor b degree engineers, ,Japan graduated 
74.000 and the Soviet Union 300,000. L 

We are convinced that, given the current situation, we aite risk- 
uiK that the United States in the foreseeable future couft^sk 
lobing itb le,ad in the technological world, and we urge you and 
your committee to continue in your efforts to keep the- Congress 
and othei blanches of Government aware and ready to act to 
abjure that the United States maintains its lead in this area. 

• We initiated within our association a program to help lessen the 

^se\eritv of the problem. I have appended to my formal statement a 
publication relating to educational guidelines for service techni- 
cians We are. as welK working at the undergraduate and graduate 
ie\el to provide guidance, assistance, and direction to promote 
greater emphasis on technical and science education at the univer- 
sities and colleges in the' country. 

Although I have stated that the Government must continue to 
fund adequately R. & D., this is not to say that the Government 
has sat idly by while the situation has worsened. ..." 
We commend the Congress for its hard work and foresight in the 

. passage of the Economic Recovery Tax Act of 1981. It is my opinion 
that the Government ha.^ realized that it haS a shared interest with 

, industry in the production of highly skilled scientists and 

engineers. * i. r»^-" 

Title 2 of that law provides in part for a tax credit of 2o pefcent 
of the qualiried-research.-^ixpenditurfS of a.corporation for tha tax- 
able year over the base i^riod research ekf>^ns6s. The law allows 
' the 2r> percent credit for 65 percent of all payments to universities 
to perform bajsic research. Companies are also permitted a larger 
deduction fof charitable contributions of equipm'ent used in scien- 
tific research. Although we welcome these recent changes, the op- 
portunity to do more to keep the United States in the technological 
lead still remains, and we urge you and are encouraged, Mr Chair- 
man, by the efforts of this committee. ^ 

One last item I would like to address at this time is the defense 
establishment's ability to lure away from academia the most 
skilled scientists 'and engineers. We all fully realize the need for 
this type of talent in order to insure our national security. Howev- 
er, given the shortage with which we are now faced and the liken- 
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hood of its imminent growth, we must establish a balance so that 
all interests, defense and civilian, are adequately served. 

Thank you, Mr Chairman, for the opportunity to be 'here today. 
I will be glad to answer any questions you may have. 

[The prepared statement of Mr. Henri'ques follows:] 
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STATEMENT OF 
VICO E. HENRIQUES» PRESIDENT 
J COMPUTER AND BUSINESS EQUIPMENT MANUFACTURERS ASSOCIATION 
BEFORE THE HOUSE COMMITTEE- ON 
SCIENCE AND TECHNOLOGY 
FEBRUARY 2, 1982 



Mr. Ch«lm«n and iaenber» of the Comailttee, I am Vlco E. Henrlques» 
Prealdent of the Coaputer and Business Equlpcaent Manufacturers Asaoclatlon 
(CBEMA). It Is ay pleasure to appear before you today to discuss the 
posaible ramifications to Fcderally*8pon8ored research and devclopnxnt 
aa a reault of Covernaental budget reductions. CBEMA i« a trade association 
representing the Dsjor manufacturers of cooputcrs and business equipment 
in the United States. Our nenberahlp includes both large and aioall 
laanufacturers of auch equlpoent and reprca^nts «n industry which In 1981 
had gross rcvenuea of over $50 billion and a positive balance of trade 
of $7 billion. ^ * 

would like to take thla opportunity to-polnt out that although we do 
have concerns about aooe of the effecta of the budgetary cutbacka. we 
coQocnd the Adrillniatration for Ita efforta to reduce inflation and to 
place the nation on a more stable fiacal footing. 

/ 

Although the Industry which I repreaenV doea not rely heavily on Gcvdrrcnent 
aponaored RfiD, we are indirect recipients of the many benefits which 
have coae froa Govertment RtD. The win recipient of Government funding 
for RM) as we are all avare are America's coUegea, univeraltiea and 
Federally funded laboratoriea which you will hear from during^ theae 
proceedlnga. Academic R4D focuaaa on baaic work. Nearly 70 percent of 
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•XJ. uQivsrtity research 13 bssic rssssrch. Federsl, stste end local 
goverovent funds sccount for 7^percent of the funding vhlU institutional 
funds snd non-profit institutions supply sn sdditionsl 21 percent. 
Privste industry is' responsible for only 4 percent of the support for* 
bs^ic resesrch. However, 1 s« quite sure thst the' represPntstives of 
« those institutions are better informed thsn I to spesk to their concsrns. 

* I would like to stste hwfevet, that Federsl ly funded RU) hss brought 

forth nunerous developoents to this nstion and I sincerely hope that the 
Adainistrstion tskes into sccount the long-rsnge effects of sny reductions 
to thst funding. 

^ ^ * 

The c<»nitiient to U.S. technologies! preteainence requires thst the 
storehouse of knowledge continuslly be replenished and expsnded. If we 
set to ensble this nstion's high technology industries to both psrticipste 
in the developoent of the scien^je, ss well ss the resultant products snd 
processes* we will go ■ io^S "sy t<Vsrd sssuring our future. 

efits of resesrch snd development to tKe U.S. economy and Aroericsn 
soci«ty hsve been substsntial. A resUlt of the intensive effort in R&D 
over the Isst fifty yesrs hss been the developoent of s group of high 
technology industries which hsve, in turn, produced the products responsible 
for ouch of this nstion*8 econonic progress. These industries sre the 
priioary industrisl perfptners of R&D sa well ss major consumers of 
science snd technology. The economic fscts of life more thst Justify 
sctions to promote .incresses in the level of R&D performance by these 
industries. 
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Our AOAtyaU ahowa that thtira ttuat be an appropriate balance between 
raaearcb and developnent. CBSMA Believea the U.S. Covernaent ahould 
atructure ita tax and fiscal policiea to encourage acienti£ic reaearch 
and Indoatrlal Innovation.* Tax credlta for reaearch and development are 
of alsnif leant advantage in promoting new invesCttent and in encouraging 
innovation. We auggeat that, while bolatering induatry-univeralty^ 



cooperation is Important, j^-ia equally iffljiortant to recognize the 
necessity of industrial applied reaearch and development. The truncation 
of the proceaa f roa .basl'c reaearch through deve^lopaent, to final product 
oust be avoided. Equal eisphasia should be given to acadeaic and industrial 
H40. In order to infuse nev capital, it^ ia neceaaary to take into 
account the acrioua effect that inflation haa on capital recovery. Much 
of t]hc industry I repreaent has capital inveatment, the useful life of 
vhich ia leas than five yeara. 

The U.S. ffhould not dogtaatlcal ly or ahort-aighted^y Impose tax burdens 
upon its ability to coopete. In A world of diverae tax philosophies and 
aystenw In lihlch other nation* oanipulate tax policy to promote their 
national objectives, the concept of tax "neutrality" may have certain 
merits which ahould be considered, ^ax diacrlmination against foreign- 
source InQorac clearly puts AioerlcAn firms operating abroad at a diaadvantage 
and ahould be av$Jlded. 

Jha nature of high-technology research ia capital-intensive . Many 
aubjecta lend thenaelvea tq Joint reaearch projecta of the univera^ty- 
industry -and intra-indua try variety. Solution of the proprietary and 
anti-truat probleaa for thaae kinda of reaaarch vill'l)a necesaary 
before the full affecta of raaaarch r*vitaliration can be realized. 
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Oq« concarn which I vould like to addraat at this tlae it that of the existing 
and growlns shortage of technical and scientific personnel vhich is closely 
tied to the availability of university prograiv funded in large part by the 
Fed^f'al Gov^nKnt. ^ 

Certainly oae of the critical parta of the science and technology , 
infrastructure is the nation's education system. We are today experien- 
cing shortages of qualifie4 personnel in several specific areas — liotably 
computer science and tome fields of engineering — and are told that these 
shortages Bay extend to additional technical, fieys in coming years, 
These shortages result prinarily from the good health and vitality of 
soae very productive industries, wh*ich are growing rapidly. Unfortunately,^ 
the accoapanying high demand for the best young talent is having a / 
deleterious effect on our nation's. universities. Not odly are the 
universities finding it increasingly (^Ifficlut to recruit and retain 
faculty, but they al#o find it increasingly difficult to attract graduate 
students. The donestic computer Industry vill have a yearly growth rate of 4 to 
5,1 parcent In the 1980*s according to the Bureau of Labor Statistics. 
Computer related j\>bs are expected to reach 2,14 nil lion by 1990, In 

the Infonoation processing field alone, there will be major needs for 
V 

en^tinecrs, coaputer scientists, technicians, computer operators, and 

word processing personnel* As an illustration of the shortages which vc 

currently face In computer science, a^onc in Ba/B5 level, a supply of 13,000 

graduates for 54,000 openings; MS level, 3,41D0 graduates for 34,000 openings; 

and, thfe Doctorate level, 330 graduates for 1,300 openings, 

/ 
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In order to Mlntsin our tachrtologlctl le«d, we mict realize , «« J«p«n 
«nd the Sdvict Union h«ve realized, «nd who«e universities are gradustins 
record nuobers'of engineers, thst there Is «n increasing need for technical 
and science graduates. While the United Stated graduated 58,000 bachelor«a 
degree caglnccrs in 1980, Japan graduated 74,000 and the Soviet Union 
300,000.'^ 

We have atudicd this problem In quite soae detail and we arc convinced that 
given the current situation here and aCroad, we are riaklng that the United 
States will In the fiorseeable future riak losing Its lead In the technological 
worl4. We urge you and your 'Cooalt tie to continue in your efforts to keep the 
Congreaa and other branched of ^ovemaent aware and ready to act to aasure 

that the' U.S. maintains its lead In this area. 

> 

We have Initiated effort a within our' Asaociatlon and its menber companies to 
help lessen the severity of the problem. I have appended to ny Statenent 
CBEMA^s publication Educational CuideMnea for Service Technicians. The 
purpoa^ of our brochure is to help stlnulate the aupply .of aervlcft technicians 
and other technically educated and trained prof eaalonals. We are providing 
these guidelines to educational and training institutions to help than update 

their courses with the lateat technological and personal 'requirements. In 

, f 

t addition to our^AaaoclationV actlvlties.^we have been actively proooting and 
working with otHter aasoclations in the hlgVtachnology field to protaote greater 
eaphasla on technical* and aclence education oa both graduate and Undergraduate 
levela. 

Although I have atited that the Government aust continue to adequately fund 
R«), »that ia not to aay that the Governnent has aat idly by while* the aituation 
haa woraened. Wt ci^nd the Cotigreaa for ita hard work and forealght in the 
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padaage of PL the Econoralc R«^ery Tax Act of 1981. It is my opinion 

that the Goverotaent has realized /hat it has a shared interest with industry 

in the production of highly skiyled scientists and engineers. Title II of 

that law provides, In part, forVa tax credit of 25 percent of the qualified 

research expenditures of a corponition for the taxable year over the base^ 

period research expenses. Qualified expenses include in-house expenses and 

contract expenses. The baae* period is the three taxable years Ittoediately 

preceediag the taxable year for which the detenalnation la being oade, with 

the exception of the transition years. The law also allj^k the 23 percent tax 

/ 4 

^credit for 65 percent of all payments to universities to perfora basic research 

Coapaniea are also permitted a larger deduction for charitable contributions ^ 
of equipnent used in acientific reaearch. 



Although industry welcomes these recent changes, the opportunity to do laore to 
Iceep the United Statea in the technological lead still reioains. Again, we urge 
you and your Coaaittee Mr* Chairoan to contimue your efforts. 



imue 
' V 



The siTtters which X have addreaaed today are pf concern to my industry and to 
the nation. One last iten irfiich I would like to addreas at this time. is that 
of the Defense establiahnent'a ability to lure away froa academia the most 
a)cilled acientists and engineers. We all fully realize the need for this type 
of talent in order to ensure 9ur national aecurity. However, g^ven the 
ahortage with which we are n(Xf faced and the likelihood of its inaincnt growth, 
we «u«t establiah a balance so that all intereata are adequately aerved. 



Thank you for the opportunity to appear today and I would be pleaaed to answer 
any questions you nay have. 
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Educational. Crttidelines 
for Service Technicians 
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I ht Computer and Business Equipment Manuf^u- 
tuf«rs Association a national trade assoctatjort rep- 
resents th* common tntertsts of "a highly cqmpetitive 
and divtrscsegrnentof thtU S economy — producers 
of computers and business equipment 

Beginning earty m this century with the introduction 
of typewriters, cash ^register? and adding mactiineS 
this industry ha« contributed greatly to the {!6w of 
goods and services and to th« health of socifty 

td«as and tecbnotogy from these companies have 
made the office the factory and recently the home, 
more efficient and more Productive Industry achieve- 



ments affect thedaily ijves of ai< They heip to diagnose 
and treat diseade to»expJore outer space, and to 
strengthen an edfcw^onal System that is one of the 
best jn the worfd 

The rapidly growing information s«ctor CBEMA 
members at its core ,nov^^ accounts for more than half 
of the nation s gross national product CBEMA mem- 
bers employ nearly one million people a quarter mil* 
lion of these abroad, to provide the products for pro- 
cessing information 

CBEMAmembers account for 85 percent of the sales 
volume of computers and business equipment pro- 
duced in the United States internationally, CBEMA 
members products and services make a large positive 
contribution to the United States trade tialance 

Organized in t9l6, CBEMA has Kept pace with rapid 
changes m the industry from simple office files to 
typing tievtces to highly advanced computers^nd of- 
fice Systems 

Creators of the computer age and the office of 
the future. CBEMA members engineer, manufacture 
finance, sell and provide support services for all types 
of business equipnwnt. computer systems and sup- 
porting equipment and supplies Their products range 
from postage meters through office copiers to word 
processing systems, and large scale computer sys- 
tems as well as the operation of microform data pro- , 
cessing andother ^pes of service centers 

Jhe U S Department of Labor and other groups pre- 
dict a growing need for business a\achine and -com- 
puter sen/ice technicians (also called Ifield engineers, 
customer engineers or service representatives). The 
industry needs an increasing number of technicians to 
be trained on and to provide service for the new equip-" 
ment of the 80s 

To help stimulate the supply of service technicians 
GBEMA has developed this brochure, Educational 
Guidelines for Service Technicians CBEMA member 
companies are providing these guidelines to educa- 
tional and training mstitutions to help them update 
their courses with the latest technological and per* 
sonal requirements for service technicians 

These guidelines confirm the dedication of the com- 
puter and business equipment industry to continued 
growth and to meeting the needs of community busi- 
ness and government with well-qualified service 
personnel 



Vtcp E Henriques, President 
Computer and Business Equipment 
Manufacturers Association 
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The Service Technician 
OvervifW 

Th% job$ ol th« Businwj'Machinet Strvic* Techmcan and 
tM Computer Stfvict Technician art quttt jimtlar Thtst 
t»chnici*n$ may tvtn *orK on both typ#s ol equipmont 
Rapid cfiangts m technotogy art f urthtr narrowing 
ftrenc«$ bttwtan computars «nd businass tqajprntnt In 
this brochur* IJPth worktrs If ill bt cailtd iprvic* fchm- 

Service ttctinician* ara r«spon$tblt primanly lor injull- 
mfl, mamUtning and rtpa»ring various bu$ina»$ machmt* 
afxJ coffipuiar systtms at customtr tocationj 

Thtsa systtms p«rlormmany tgnction$ that $p«»<l tha flow 
ol paperwork data mlofmation and communications now 
raquirtd by bu$int$$ industry and go vtrnmtnt Thatquip- 
mant requirts p«nodic and tmtrgtncy Strvtca adjustmtnt 
prav»ntivtmamtenanct and rapair Sarvic*tachnician$ ptr- 
form thaw ta$k$ to tosurt optimum tquipmtnt parlor- 
martct minimal downtima ♦and cujtomar satislactlon 

C8EMA mtfnb*r companies amployovtr 85 parcantol all 
sarvict tacnnloan* in tht US Optratmg out ol local and 

4 



rtgtooai oHicas. s*fvjc« ttchnicians traval to customar lo- 
cat»9n$ to mjwntam and rtpair tht^ syitams 



Requirements 

Ttclinicians n*«d strong ttchnical kfrowitdge and skills in 
electro- m a chanic* Wectronics, diagnostics logic and trou 
bJtshooting Thay also must ba axpart in tha use ol raquirad 
tools metarsandtlactronicta»t»qujpm«nt 

Sinca most servicing is dona at thr customer s location 
tachnician^muSt ptrform thair work without interrupting the 
otfica Routine A neat appearance is expected The ability to 
communicate elfectivaly is essential 

Ttchnicians must ba able to work without direct supervi- 
sion as well as to sat up thatr own schedules to meet sarvtca 
call deadlines AH must keep up with revised maintenance 
procedures and manuals 

Technicians also must be able to keep records ol main- 
tenance and repairs, to keep parts inventories to order parts 
and to complete lime expense and technical reports Some 
may be required to sell maintenance agreements 

Technicians must also work effectively with people— listen 
to customer complaints answer questions and sometimes 
provide customer traming in specific areas Some techni- 
cians who service computer syslems may be required to do 
some programming 

Because manufacturers continually develop new equip- 
ment even experienced technicians frequ ently attend train- 
ing courses to keep up wtth changing technology and to 
broaden their technical skills 



Applicsnts snd Trainees 

Applicants for entry level |Obs may have to pass tests mea- 
suring mechanical aptitude, knowledge of electricity and 
electronics, manual dexterity and general inteUigence Most 
employers requireapphcants to passa physical examination, 
and some require technicians to be bonded All technicians 
must be able to travel periodically 

Usually new technicians are hired as trainees and attend 
company training courses Here they (earn the theory and 
specific maintenance procedures required lor the equip- 
ment they will service along with appropriate company pol- 
icies procedures and logistics specific to then wbrk 

Trainees also receive practical expenence coupled with 
on-the-iob traming which qualifies them to progress Irom 
trainee to various levefs of service teclinician to more spe- 
ciaiited asstgnm^tnts- 



Opportunity 

Service technicians work year-rdund in an industry noted (ot 
steady employment, innovative design and technological 
achievement The industry offeril advancement opportuni- 
ties in service, sales, training, supervision and management 
C8EMA member companies encourage service tochnicians 
to broaden their tachnicaJ knowledge and many pay em- 
ployees tuition lor work-related courses at colleges and 
tachnica! schools 
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Industry Products 

Computers ' 

Lafg« mt^Jtum aru) smaU scale 
Mm* tnc rntCtQ 

i»«riph«r«U * 

Magnetic tjp^ cassette an<j d"sk df.^es 

Card f«a<Jef> puftcft«s 

Displays 

PJOHtTS 

Terminats 

Data Comrmin icattont 

Comrpuoicattoni conrrolttrs 
Co'^'muDicating termrrtals 
Pac?»m<le crachmes 

Data Entry/ Recording 

A<J<Jre**er$ 
Data recorders 
Data terminals 
GWbossers ' 
Key punches ver»tier5 

Optical aod maqnetic s^anrt#rs readers and sorieri 

Ottice/Busmess Equipment 

Accounting macbm^s 
AcWiftg machines 
Automatic wfttin^ $ystemi 
Bank proof macr>>f)e5 

Binding laminating, antf shredding machines 



Business fofms handling equipment 

Catcutators 

Cash registers 

Dictation transcription equipment • 

Labeling equipment 

Mait handling equipment 

Metal cabinets and furniture 

Postage meters 

Text editing equipment 

Typ^nters 

Wofd proc«sspn9 equipment 

Graphic RepPoductton Equipment 
Cold type composing 4x?uipment 
Copiers ind duplicators 
Ofaftmg equipment 

Microfiche and microfilm cameras processors readeri and 

prmters 
Offset printing presses 
Overhead and slide proiectofs 
Pfjototypese Iters ^ 
Platemakers 

Supplies 
Aperture cards 
Business forms 
Caropn paper 

Chemical compounds— cleaning fluids correction fluids 

and toners 
Copy paper 
Film ,j, 

Magoe'tic media— tapes cassettes and disks 
Paper rolls 
Punqti cards 
Ribbons 
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Programming, 
Software, and Firmware 



Progrtmming 

Data pfoc«4$in9 simply ispefta^mmg «»«fr»$ot opwttions 
on oata to ac*>"»v# iht oosifeo ^tsuits To control tJata pro- 
t«*sing within a computtf systtm a sefics of instructions 
c««#0 a program is Qrov^dtd to the computtr to 0»rtct !h« 
way in which It p»f lorm* pafticv'ar optf attons on th» data 

Computtrs can t?« progrjmmvo to simulatt cortam thtnk- 
.ng proc*ss«s &ut th#y gjnftot think <f\ th» sam* way ptop»» 
can Aitnoug^^ computers uniiW* pcopit cannot •"iptoy ih 
luitfon or creativity to accomplish i tasx lh<y WOrK v^ith 
r*cr»<J>l>»» »P«»<J artd accuracy stottng vast amounts o* in- 
formation iP a compact space 

By taking advantag* of the comp^ttr s strengths people 
rtavt t>««r> abit to tontroi and direci thf compoitr in thou- 
sands ot applications for the great benefit ot jocioty 
T>)fOugh prog^afrtming p«opl» «>tfect th« transformation of 
an otherwise uset«>5 mass of hardwaiemtoan •ssentiaiiool 
of ih« cofttmpora/y wo^'d 



Softwaro 

'iiOt\>A,Arf> 'S Olpf-i^oO at P*f« Of th* »K)utpmcnt that iS not 
hd'ttwafe Softwaro er>.ompa%5e9 a variety of different 
programs 

For example whHn numbers are enttrcd into a pocktt 
caicutatvt the soltA-4f«t mteipiels whcie lo store ttiem and 
where to Oispiay the *hsw*»i Thi'» i-> vei y iifripie software On 
tr»eothet hand sottwaTcLn siaige *_ompute) system is much 
mOr» complex an «ts different programs and controHing 
command? maKe jP •x^snttwi'*' 

two ba^tc ctas*itii.attons o) pi^gtams *rfi used by com 
poter sysTorr^'/ They svstein -io^waf^f and jppttcation 
software 

Th« programs makmg up the system >>oftwAre come with 
!h» computer to assist the operator Because system soft 
ware pfograrrisare d«S'q»^eo fot specific iypeso* computers 
these prograrflS may vary greatly trOm on© to another 

The secontj classification of computer programs is appii 
cation software Application software contains user pfo 
grafY^s ne«dod to accompush for extimpt* the accounting 
and reporting functions of a sOecifiC Business such as *c- 
cour^ts -^-ceivabie payroii sales analysis reports etc Appi' 
cation software vanes according to a custoi^er s needs A 
uty gov«rnnf\i»nt for instance uses a different appiicatj^on of 
accounting software than a wholesale business or a manu 
facturing company usos 

Another common torm is firmware This may be detq^ed 
as a s«t of micro-instructioo* whose function »s to decode 
and perform iht operations indicated by othef mstfuctions 
tn some Situations the design of software programs >nto 
hardware su<.h as disns tapes or chips is referred to as 

ttrn>waro 




But micronization of hardware and computers on a chip 
now auow progtams and mstiouions fo be designed into 
the hardware Hardware and software mtteasmgly mteiact 
in the new systems 

Thus 10 servive the products of today and tomorrow <>er 
vicetectinitiansmay also have to understand programming 
microcode fogic diagnostics and contiol systems 



Implications 

Rapid Changes m tecnnotogy hav^e a maior impact on service 
technicians HiStory has categorized service tochr^tctans as 
mechanical electro mechanical or electronics technicians 
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Industry Gbwth and 
Employmertt Opportunities 



Industry Growth 

Tht computer «nd bu4«n*«$tquipm«ntin(3usUyfSontof the 
t«St growing mdustrtts in iht world 

8eg»nnin^ tarly »ri tht$. centyry with th* introduction yf 
typtwrrtfr* c*$*i r*gtsttfS inO iddJng m»^int5 »nd con 
tinu»ng through tht dtvtiopmtnt of todays sophistic at •<! 
computers copitrs and word proc«5Sing systems th»s lo. 
dustry has tnjoytd txtraordmary growth 

Bur somt fortcasttrs »«« today as only tht l>«ginning By 
tht ytar 2000 pfojections mdicatt that the information m 
dustry will be tht largtst in t^t wOf«d ' 

Tht -computtr fitid cootinuts to changt Ot grtat sigmf* *« 
cane* IS tht OtvtJopmtnt and growth ol tht minKompuitr «* 
Uj« 0! mini-compottfs m distnbuttd processing and tx 
pandirtg sm«i> business appJlca^ons causes «omt to osti 
matt a 50 p«fcent growth in*th«ir u$o during th« 19C0* 

Many offJct tquipmtnt products are bting deve»ope<3 to 
suppOrrtstabJishtd product nnts Such ntw lines mcludt 
tfrmmaJs ponpntrals displays pnnttrs communications 
Q9vtc»% »r«tCOpWs AJI conlributt to tht continuing growth 
ot this txcittng industry 

inere«str>g demands of business mdustryand govemmtni 
formoremtormation— taster- will spurtven more growth m 
the industry . 

r— 



Employment OpportunHlef 

The fast growing computer and busmess equipment industry 
has created many th ousand s of new jobs that dKJ not exist'tO 
years ago 

Because of f>ew products and f>ew technologies oppor-' 
tumties for employment m thif jndustry*increase year after 
year ^ 

New engineering mar^ufactunng and mairitertanCe meth- 
,o<3s have changed exiting jobs thus creatmg the need for 
contmuinig training to keep the skills of the work force up to 
date 

Between i960 and 1975 when many industries were re- 
ducing vnbrk forces the number of jobs m the computer and 
business equipn>ent industry doubled Changts tn technol 
ogy— from mechanical to electro mechanical to electrical to 
electronic— contributed greatly to the creation of many ntw 
jobs ' 

But \tif ne^s of the future are even greater Th^ Depart- 
ment of tabor Bureau o* Statistics estimates that the num. 
ber of Business Machines Repairers jobs wtti increase 56 
percent from 1978-1990 and th* number of Computer Ser- 
vice Technicians jobs wtUlncrease 92 6 percent during that 
same period. t ^ 

Tht miy easing soph tjticat ion of equipment to serve both 
existing markets and new applications ensures a growmg 
r»eed for more highly qualified people to l»li many new jobs 

Such contmued -growth m the job market will provjde ©x- 
cellent opportunities for job securtty and advancement in a 
field that continues to become more chalJeftging year after 
year 
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Cuniculum Guidelines 

Th« following cumculum guidtlinM apoci.ty ih« personal 
•rx) t«ciinotog<c«) siand«rds studtfits n««d lo m*«t lo b« 
consid«f«d (or cv««rs s«rvic« itc^niciijis. 

Ptrson«r^Uls 

P*r90n«i At»til»«s and Tratis 
Students wd( d^nnmstraU tr>« abtUty lo 

• Repair a p<tc« of equipment or an ammbiy requiring 
^ihem 10 ^rK in a physically awkwaid or difticuli position 
accordirv^ (o it>e same standards tney wouW achieve in an 
ideal location 

• Repair cheerfully and successfully a pwce of inoperative 
equipment when the customer w very disturbed of angry 

• Complete a series of i«sks requiring them lo work alone 
(or e»ght hours just as ihey wouW under someone s di- 
rection 

• Accurately foHow each and every step in a long adjustment 
procedure 

lnttrp«rsonal Rtlatlons and Communications 
Students will d«moi>»trate the ebility to 

• Use clear concise and technicaUy accurate language to 
exptam to a co-vwrker how to make a parucular mechan- 
ical, electrical or pnetjmatic adjustment so that the co- 
worker can mak^ the adjustment correctly 

• Answer a salesperson s question about equipment oper* 
atKjn accurately and clearly, irt a positive manner 

• Present e^ectively to a supervisor their positions in con- 
llicts with customers co-workers or salespersons 





e Prepare clearly, concisolyand accurately a job application 
and a resume 

Mathtmatka ^ 
Basic Mathematics 

Students will demonstrate the ability to 
e Add and subtract accurately 
e Multiply and divide accurately 
e Calculate poweH of ten* 

Units of Measure 

Students will demonstrate the ability to 

e Measure with a common rule (English or metric) to the 

tolerance of the scale being usod 
e Convert, making no errors (ractionsto decimals end doc- 

imalstb fractions 

Computer* ^ 
Students will dwmonstrato the ability to 

• A^d and subtract correctly in 

1 Binary 

2 Octal, and 

3 Hexadtcimel 

• Convert numbers from one baso to another without error 
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Bisic Mtch«nic« 

Studi»nts wiu otmonslf ai# Jh« abiJtiy to 

• Unx}«f$Uftd how )«v#fs gtars chams sprOcKeis t>«its 
<nd Pu'^ys af« oseido mCfMW or <3t»Cf«*se lh« mecnan 
teal 4ftt}v4nUQe jnd spetrO of monon 

• A(i)ii^t solenoids for proper opt^rJt^oo 

• Ad^uki micfo !>wttcnes for proper ovortrjvei ^nd reltaso 

• Adiu»t tunvoit pfoptf ly on betl and-ch4in Onves v*(th and 
without K]ier& 

• List «h« pfoper ijubftcjJiOf)- of the foHOrting parti> under 
"ondittons of 'ight pfw^ure n^jvy pressufo hgh le/ri 
p«r4tur«^ jnd low lempefalufos 

» Gear boxe:^ , 

2 0>i*ie t>«aring$ on shattb 

3 PUSt<r btjjnngs on mtial 

4 P»a«.. ro pusttc 
*> Mftai to mmat 



• id«nf»fy a»fecfiv» pans among jhr toMowmg and describe 
ihw cause and result o* theif condition 

t ftjMiay f oniacts 
i M<>(Of t>fu*h«»> 

* 3 MoJOf LO"*«TiuljiO'^ 

•i P»n5(S#t>*»<S'n LonnKtOrS) 

5 8rok»n wires thiddeo by unbroken i/isulation) 

6 frayed wir«i 



Identify and provtd* oxxmplts of tho u&« of th« following 
pins ^ 



? fro/en btM/frtgi 

6 Strelch«d tham* 

9 B«nlt«v«rs 

10 Bushings 

1 1 Scored Shafts 

12 0«ni Shafts 

t3 Out of round shafts ' 

t4 Gears 

15 B/oK«n t«<ith on gears 

16 Sprockets 

17 0«form«d Springs 

18 Pulleys 



Fattening 0«vlcts 

• Identify and provtdt examples the use of the following 
^ typ#s of screws 

1 Machine 

2 She«t metal 

3 Pint metal^ 

,4 Coarse thread ' > 

<^S Self tapping 

6 S«tscrews 

7 Ctpscrews 
I Moxhead 

4 Allf n head 
ia FU^head 
11. Thumbscrew 

12 Fillister head 

13 Phitl)D5h^ad 



Spiral 
Dowel 
Tapered . 

Roll 
Cott«r 



• Rembvo each of the following types of p«ns and koyS so 
that <t can b« u:>ed again 

Pm» Keys 

1 Spiral 1 Square 

2 OOwOi 2 Woodrulf 

3 Tap0r«O 

4 Ron 

5 Colter 

• Remove and install each oUhe following types of rings 

1 Trgarc (tnside «nd outs»do) 

2 E rings 

3 0 rings 

• Remove and install the 'oiiow 
reasons for^eir use 



nng types ol nuts givmg 



1 Hex 

2 Jam 

3 Casioiiattd 
'4 Wing 

5 Cap 

6 Thumb ^ 

7 Stop 

8 TmnerfT^an 



• List tbe problems that would result from stripped and 
cross- threaded screws and nuts 
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Soldffino 

Stud«f>ts wtii dtmonstr«tt tht ability to 

• R«movt andr«plac«an inttgrattd circuit (IC) on a pnnttO 
circuit b<7«id using tt^ tolk>wing •quipm«ni « 

1 Vacuum'and dosoMtnng tool 

2 Soldt^bratd 

3 M«at sinks 

4 flux cJaantr 

5 Sold«f irons {d)tt«rtnt wattagts) 

6 Choict oHtuxtfs , 
1 Cnoictofsoidtrs * • 
8 Tip citanmg oquipmtnt 

• Parfwfn tht fortgoi{>g repair so that 

1 tn« foil on th* circuit tx^ard IS intact 

2 tnt (C \*%\% property , and 

J tht circuit board does not fhow any burn spots or cold 
soldtr joint* 

• Ramova and 'api»t» »o»dwfed «nr»*conrn»ttions to ptugs 
and circuit toards 

• MaK* Ml iin« soidtrad spiicws on wira hamossas ^ 

Machar^ical Drawings 

Studtnts w>U d^morisiiata trieab>ikty to 

• Oa»cr>ba iho >or>ctior> of a macnanicai device pictured in 
a cut iwny drawtng 

S«<«ty 

Students wdi damonsirate Iho ability to 

• Use ptopefiy tur>ctior>rng tools ,and test «(bi>prT)*nt m a 
sa<a*nOat»tctiva n^nnor 

• Use the proper tethmquw fur 
equipment 



ifting and moving hedvy 



\ 



Electronics 

Ba«)c Electronk:* 

Students will demonstrate the ability to 

• Solve simple electrical Circuits uSmg Ohnn s Law 
* 



• Solve tor resistances voltages currents and wattages in 
series pa/allel and series-parallel electrical circiHts using 
Ohms Law » ' ♦ 

• Measure currents and voltages in AC circuits containing 
resistance, inductance and capacitance 

• Define common base common emitter and common col- 
lector transistor circuit characteristics 



Ekctifcat Symbola and Dlagrama 

Students will demonstrate the abikty to' 



♦ Match a specific pgmt on a schemajic representing an 
electronic circuit to its part on the electronic component 

1 Anode of the diode 

2 6«se. coihictor, and emitter of the transistor 

3 Gateofthetnac 

4 Specific pin (I e p<n3>ofthelC 

5 Clear Tir reset mput Jo the microprocessor 

• Follow afSignal Irom startle finish on schematics repre- 
senlmg more than tw6 different circuit boards 

• Determine points where signal flow can bt chock/d on 
Circuit boards , ^ 

• Describe I he Condition and purpose of each of the follow- 
ing active devices on a schematic with signal inputs 

1 Diodes 5 Triaci 

2 Transistors 6 ^Zener diodes 

3 LEOs 1 'Relays 

4 SCR s * I Microswitches . 

Logic Circuitry 

Students will demonstrate theabiJIity to 

♦ Wire and verity the input antN^ulput Circuitry of logic 
gates using truth tables , 

Bloctt and |iming Diagram* 
Students will demonstrate the ability to 

* Define the uses of eloX:trica| and' mechanical block dia- 
grams 



A;' 




241 




Tools end Tt«t Equipment 

Students will d«monstrat» th» ability to sei»ct and us* th» 
foiiowinQ tools to compi»i# a st/i*s of mtchanicai tasks 

Viand Toola . 

1 Tightaning 

A Box and op»h tnd wrtnchts 
B H*x wftnchts 

C Ratch«t<dr«v<» sockvi vyrtnch»s 

0 Slip-jomt pli»f^ ^ 

£. N*«dl« nosa pti«r$ 

f Scrowdriv«rs , 

2 Cutting 

A Hacksaw 

B Fiia«ai>() III* card ^ 
C Wif»cuttafs 

0 Wira stnppars . > 

* e Abrasive cloths 

3 Onlling 
A Drills 

* Measuring 

A 0*ai indicators 

B Thafmom»t»fsit»mp^raturtgaugasi 
C F««l»r gauges 

5 Soldering 

A Solde/>ng >rons (different wattages) 
B' Heat Sinks ^ 



C Sotder braid 
0 Oesoldenng tools 
E Tip cleanirig equipment^ 
6 Other ^ 
A Centar purtchfs 
B 0-ring ramoval tool 
C Ham mars 

0 Mirrors • , 

E Sprrng hooking tools 
F Pin extractor (elfcctncal plugs and sockets) 
^wei'Tools 

1 Electric drill 

2 Elactric grinder ^ 

Electronic Test Equipment 

Students will damonstrate the ability to use the following 
test equipn^ent to make spaCil^ed measurements 
t Oscilloscopes 
A Frequency 

B ftilso width 
C Amplitude 

0 Srgnal ralationship (dual-trace scope) 

2 Vott ohmmatars 

3 Digital voltmators a ^ 

4 Ammeters 
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Parts Hjindling 



Reporting and Record Keeping Administration 



SiO«Jt.nis ^iii demtrtstfjit* tho ability to 
• A rrarvg#Vor Storage the fottowmg parts so that each part 
\M iccateo •a^W and prompJty Oy tneans of ^ fitmg 
£ard 5y»t6ni 

1 Stilts i2 to 2»<if>cties» ' 

2 Bfarmgs \,0!i'te' bait p/astv: tJioc>t> 
y C.'Cot\ boards 

4 Gt*s$ ittfn$0«'^P» fftirforsi • 
6 LuCficaots 
6 Smalf «lectr<jnic parts 
, 7 Hardwarf ($Cf«vv* bolts pins <eys and rings) 
•'8 Reliefs (2 to^24 f\ch«s) 
9 Seats -gaskets - ' 
'0 P'ast'C part* * 



Students wUI demonstrate the ability to 

• File (alptiabfttcally or numericaHy) and retrieve rapKJIy an 
assortment of techntcal dat/ ^ 

• Add new data to or purge out dated or redundant infor 
mationffom awvell organized file or collection of techfiical 
data renaming abJe^oJocate with minimum delay any bit 
ot pertinent mformatior^ 

Reports 

• Compiete an accurate time an^actwity report for a tiy-^ 
potheticai workweek 

• Fill out an order form tor parts needed riext month using 
^ a listof partsused over the last year aii$tof recommended 

parh to carty and a l»t of parts on hand 
f FiU out accurately machine service history logs usmg 
correct technical terms 



" -1 



24 7 



Map Reading 

e Firui a given location on a map ofa city 
• Indicate the best route tc^a given town on a state map 
marked with a starting point 
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Members of the 

Computer and Business Equipment 
Manufacturers Association 

ZfA Company 

ACME Vis»b<e Records incorporated 
AM Internattontt fncorporafed 
AMP incorpo fated 
Apple Computer Inc » 
3eM&H0A©M PbiUipsburg DfvtSiOo 
• Burroughs Co'^porat(or> 
Control Data Corporation 
Dicta pnone Corporation 
Otgjtai Equipment Corporation 
Eastman KodaK Company 
EXXON Enterprtses Incorporated 
Genera' Binding Corporation 
GF &us«ness Equipment Inc 
Harns Corporation 
><«w)ett'Paci<ard Company' 
Ho^e>weit Inforrrtdtion SySl«ms Inc 
•6M Corp.)faJ((5n^ 



tCL Incorporated 

Lamer Business Products Incorporated 
Liquid Paper Corporation 
Micro Switch a Division of Honey\A'ell Inc 
NCR Corporation 
Olivetti Corporation of America 
'Philips Business Systems Incorporated 
Pitney Bowes 

Remington Rana Corporation 
Sanders Associates Incorporated 

_ Sony Corporation of Amertca 

" SpefV UNIVAC 
TRW Communications Systems i Services 
Tektronix Incorporated 
Texas Instruments inaxtJCTaled 
The Standard Regtstet^Company 
UARCO. Incorporated ^ 
Xerox Qorporation 
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Ml. FriiUA' Hkink you \tM> much We appreciate all of the testi- 
monv from the witnesses ^ i • i i 

When Dr. Kevworth testified befure the committee, he said that 
bCience was entering an era of maturity and that we were going to 
have ti) establish our priorities in a different fashion. I assume that 
included research, where we did it, and the manpower needs. There 
are those who think that we need^o spend more money in those 
areas, similar to the post-World War II period and. the Sputnik 
period. What advice do you give Ub on this dilemma that we are 
faced with, Dr. Saxon? 

Mr. Saxon. First of all, I think that the dilemma you address is 
a central one. In your opening statement you referred to it, apd I 
agree completely with that. 

I am not, however, totally discouraged by the present situation, is^i^ 
despite our problems. The reason is that I believe there is really 
quite broad and general recognition throughout the Government , 
and throughout our educational system of the true nature of the 
problems we face. I see nothing in Mr. Keyworth's statement which 
indicates anv lack of understanding of what those issues are 

I think, however, that there has been p^rb^s insufficient appre- 
wiation of the fact that certain ^tions being taken by the Govern- 
ment in order to bring spending^nder spntrol are having adverse 
conbequences, but I do not think the savings are all that large, if 
you look very 'carefully at it. 

I am particularly concerned about the fact that, as my two col- 
leagues from industry have indicated, we are dealing entirely inad- 
equately with the support for and the environment in which gradu- 
ate students are going to study and be produced. I fear 'that the 
long-term consequences of that inadequacy will be quite dreadful. 

In a way, we can understand that by what is happening right 
now in engineering and computer sciences, because the roots of 
that problem go back about a decade or so. I think of you re- 
member that a decade or so ago it was widely believed^ that we 
^ were overproducing people in engineering, and therefore an effort . 
w^s made, with Government leadership, to cut back on the number 
of engineers produced. 

But this process of cutting back has long term consequences asso- 
ciated With It. That affects what happens in high schools; it affects ^ 
what happens when students enter college; and finally, 10 years 
later, you find >ou are not producing enough engineers. I think we 
need to understand those kinds of connections. , 

There is a certain similarly disconnected aspect to the adminis- 
tration's policy. On the one hand, it -believes in and understands 
the Government s role in supporting ^sic research, biit it does not 
qixiie see 'that other things it is doing are going to adversely affect 
our ability to carry out basic research over the long haul I think 
we need to hit very hard at that and try to spell out the long-term 
consequences I mentioned. ^ j t u- i 

I am very encouraged by the work of this committee, and I think 
there are many of my colleagues who would be pleased to try ^ojay 
out the problem in greater detail for you. I am also encouraged by 
the fact that I doubt anything you have hed^d today, or in previous 
testimony, has come as a surprise to you. 
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In short. I think the problems have been identified. We know 
what they are, colk»cti\eI>. The question is, Do we have the will 
and the capacity to deal .with them? Given their importance, I am 
confident that we can, ncrt that we will, but that we can. 

Mr FuQUA- David, one' of the concerns that I have had— and ygu 
have touched on it in your testimony— is that the people who sup- 
port the Gas Research Institute, and others like EPRI, and others 
who are funded by regulated industries— that for them the r^te 
.base has been such that it may have some adverse impact on their 
ability to continue to fund research at the present leyel and also 
pick up the difference, or ^art of the difference, between what the/ 
Federal Government had been funding and what you are funding 
from private sources. I hope I am making myself clear. Could you 
comment on that? 

Mr, Webb Yes, Mr. Chairn^an. I think what you said is correct. 

I know in our industr> particular!) neari> everyone supports the 
idea of trying to reduce the .level of Federal expenditures. It seems* 
to me^the biggest problem is making the blanket assumption that 
whenryou make these budget reductions, the response capability— 
of the technology base and the ^financial resources are uniform 
across all segmerfts of industry. 

So if you make that blanket assumption,, then you are building in 
a lot' of severe consequences if you try to apply that without re«)g- 
nizing the differences Between regulated versus nonregulated com- 
panies that have had a strong technology base for years and those 
that have not. 

What is going to happen in the case of the gas industry and the 
gas technoIog\- base is this: Our board, and I think the other 
member companies that fund their own research outside of &RI, 
are going to step in and, as.best we can, fill the void in the near- 
term research We accept that as a legitimate challenge to the in- 
dustr>, in fact, it should be done. But we cannot simultaneously do 
that in the regulated environment in which we work and also pick 
up the long-term research we had assumed would be continued by 
the Government under their pronouncements. 

So the consequence is— and what I am trying to make the com- 
mittee aware of— if you decide not to do that, do it with the knowl- 
edge it means the research wiU not be done, not that somehow, 
magically, industry is going to step in and do it, because in thfe reg- 
ulated segments the transition period is over several years, not sev- 
er^months. 
^Mr. FuQUA. Thank you. 

Mr. Brown? - ' - 

Mr Brown. Mr Webb, can I continue with a question? First let 
me say that I have been very pleased with the development of the 
industry-wide approach to. sharing R. & D. costs as represente(J by 
the Gas Research Institute as well as EPRI and other similalr 
things The utility industries, both gas and electric, ar'e fortunate 
in one sense, in having a very large base of consumers. That is, in 
effect the> represent the people of the United States; ^hey serve 
the people of the United States. 

I am sure you will recogrrize that many of the decisions being 
made now with regard to the funding of R. & D. are basically polit- 
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ical deciMuruv at khi^i in the sense that they are subservient to 
overall budgetary or other polifical goals. . 

M\ question to vou is,, recognizing that, has your industry consid- 
ered' the, significance of gaining consumer support for the kind of 
expanded R. & D. program that is necessary for yeur industry and 
which vou could probably achieve from some relatively simple 
bVbtem 'uf including a public or consumer input to your GRI board 
or policy operators in some fashion? You n]ay already have done 
that, but I would like to ask you to comment on it. 

Mr Webb. Yes, Mr. Brown. The Gas Research Institute, the way 
It IS structured— and it is part of the requirement, going through 
the formal rulemaking process before the Federal Regulatory Com- 
nubMon— v^e have three major ways in which consumer interests 
now come into GRI One is just the formal rulemaking process 
Itself, where anvbody can intervene if they do nOt like the program 
we are proposing and request a hearing as it goes through^the reg- 
ulatory process. That is kind of removed, from the consumer, but it 
is there. ^ , • 

The other is our advisorv council, which is a senior policymaking 
advisorv bodv to GRI and actually participates in our board and 
has two members at large on our board of directors. At this, time 
they are Bob Georgiije, president of the AFJ.-CIO Building Trades 
Ui)ion. and Larrv Moss, who was a past president of the Sierra 
Club. 

On that advisory -council there are eight sitting State public util- 
itv commissioners, one of which must always be the chairman or 
the^vice chaiimaa There are representatives from the labor move- 
ment, the environmental mbvement,'from academia, and then the 
broad piiblie interest group. So we do th^t. 

The other part of the program we "have is that we go to the dif^ 
ierent States and participate when our member companies are ap- 
pKmg for rate bases and brief the State commissions and the con- 
sumer groups on GRI and our program This appears to have been 
succes'sful 

. I realize that there are probably other steps people could recom- 
mend and we would consider, but hy putting people on our hoard 
\^hjD. in fact, represent the consumer intere'st and by having State 
regulatorv commissioners on our advisory council, and then the 
protection that the public is ordinarily accorded thrbugh the 
loriiial ralemakinK*piocedure for a regulatory body, it seems to me 
the consumer interest is there. 

1 think our record *speak><:^ fairly wx^ll for itsplf in that there has 
.;ot, to mv knowledge, been opposition to the GRI program. As the 
GRI gets' larger. U think that will tend to change, because the 
iai^ei you get the more vulnerable you are, and people are saying, 
Wh> are you doing research in this area, when we don't think it 
IS in our direct interest or our direct benefit?" 

Mr Bkown, 1 think the steps you have mentioned are all ex- 
tiemelv reasonable, but it is obvious to rpe that we are going to 
have a lot uf signifiuant policv Issues in this session and in the near 
future dealing with utilitv issues The Alaskan pipeline deal th^t 
we voted on in December is a classic example. 

What I am talking about is ways in which there can be greater 
public awarenesb of the need for a coordinated energy policy and 
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the significance of gas in this coordinated policy. I think you need 
to build on the stepb you have already taken to achieve that. I will 
not belabor that. I am just making that as a suggestion. 

Dr Saxon, you have made a related point with regard to the 
need for a coordinated policy in the R. & D. field and mentionect 
the recommendations of the National Commission on Research. I 
bhould be familiar with that, but could you just elaborate briefly 
for the record on those recommendations? 

Dr Saxon The National Research Commission recommended 
the establishment of a forum— that was the word they used— which 
would have as its function the discussion and formulation of policy 
in these areas. 

In addition, the National Academy of Sciences ha^ appointed a 
committee to study the question of university and Government re- 
lations with respect to the support of science. 

It has three subcommittees, one of which is now addressing the 
question of organizing such a forum— trying to identify the kinds of 
people >vho would serve on it, trying to identify the kinds of issues 
it would discuss, and, perhaps the most complicated of all, trying to 
identify its sponsorship. 

It cannot simply be an arm of Government, obviously. On the 
other hand, it cannot serve any useful purpose if it is totally dis- 
connected from Government, and they are struggling with that— 
what are the appropriate kinds of sponsors? What is the role of the 
National Academy of Sciences? What about the American Associ- 
ation of Universities, the AAAS, or the National Science Boar^ 
These questions are now being pursued with some vigor. We hopS^ 
to have, by spring, further development of that particular concept. 
If you wer^ to get in touch with the academy people, they could tell, 
you the current status. ' « , * 

Mr. Brown, Yes, I willndo that. Thank you. 

Mr. FUQUA. Thank you, lAr. Brown. 

Mr. Flippo? 

Mr. Flippo. Thank you, Mr. Chairman. 

My good friend and colleague from California, Mr. Brown, made 
the statement— and I agree— that R. & D, policy seems to be sub- 
' servient to other political considerations in budget terms and that 
sprt of thing. You gentlemen are being very kind in pointing out / 
soqie areas that we need to consider and evaluate in trying to help 
determine a national science policy. 

I noted with great interest, Dr. Saxon, that you and Dr. Press 
both address the area of geographical distribution of funds and 
seem to be saying that it is a factor that shoulci not be included in 
the evaluation of national science policy. \ 

In a sense you seems to be saving, ''Cut that other fellow, ii you 
are going to cut funds, and fund the best universities.*' That seems 
to be rather reinforcing, because certainly the best would then ob- 
viously get better. It seems to be denying the mobility of research. 
^ I think that Congress, as a national policy, and the administra- 
tion as well, ojught to be mterested iif geographical excellence. You 
make the statement that excellence should take precedence over, 
political and geographical considerations. The reason that it has 
1 political consideration is fairly obvious — the economic activity that 
comes around the universities from the R. & D. is very clear. The 
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growth of aruluhtneb in computers, in aeronautics, in cornmunica- 
tionb, in eleetronicb, clearly comes from the Federal R & D effort, 
and it seems to me that a major part of a national pohcy ought to 
be in favor of geographical' excellence as well. ^ , , 

I am not trying to say that funds ought to be distributed solely 
on that basis, but, first of all, the statement seems to assume that 
we alreadv have a policy of allocating funds based uopn geographi- 
cal considerations, and I would deny that. I would point out that 
the NSF 1%0 allocations clearly show, as one example, that we do 
not now have a policy of geographical distribution of funds, and to 
say that that ought not to be a consideration seems to me to not be 
too good advice at the present time. Would you care to comment on 

that? . , . . J r 

Dr- Saxon. Yes, that is an issue whose importance, and sensitiv- 
ity t understand. Therefore, my remarks were not made lightly 

"l will not, of course, try to speak for Dr. Fx^ss^ but let me try to 
explam my concern. If I had been appearing before this committee 
2 years ago to talk aboiit this, the question of geographical distribu- 
tion of research support would not have been a part of my state- 
ment . , , , , , 
The first thing vou need to understand is that today s context 
and environrnent are quite different from what they have been in 
the past. Indeed, there was a systematic effort over quite a number 
oi years on th'e part of the National Science Foundation and others 
' to 'take positive steps— affirmative action, if I could put it that 
'*''\vay-to produce excellence across the country: The centers. of ex- 
cellence program was an example. Very large development grants 
were made to universities which were seeking to become excellent 
I had no disagreement with that; I thought that was a sound 
idear In short, the notion of making excellence available every- 
where in the country— and I did read your comment on that sub- 
ject-is. one that I would support. But the present environment is 
one in which Dr, Key worth is saying we heed to look at our cur- 
rent programs, and we need to cut. ^ 

I am not sure I agree with that, but I thilrkj it is><^mg to happen. 
I am emphasizing that, if you are goiftg^o cut back on support for 
science, you had better be very careful not to let geographical con- 
siderations, which have a lot of political clout associated with 
them, .dominate), that cutting process. , 

Just read the newspapers and see what happens when someone 
wants to close a shipyard somewhere or an elementary school 
somewhere, and you will see what I mean. There is quite a differ- 
ence between the two processes of expansion and contraction, 
When you are adding funds with the explicit aim of producing ex- 
cellence everywhere, that is one kind of undertaking,^and I Sup- 
ported t)ie effort to help institutions improve the quality of their 
research. On the other hand, when you are trying to cut back and 
trying to determine what has to be cut, then I think the consider- 
ations are rather diffeVent.. ^ ... i 

I say this because I am very concerned that, as one trie^ to scale 
support down— and I am not sure it ought to be scaled down— the^e 
considerations may indeed dominate, and I think that would be a 
very serious error in the long term. 
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Mr Puppo. I aopreciate that, and it is an issue that contiaues to 
cause a great deal of controversy. But if there has been an affirma- 
tive action program to accomplish that in the past, the statistics 
would indicate that that action failed, I believe. But I realize that 
others may have different opinions on it. I just thought that it 
ought to be, because of its economic importance to the various sec- 
tions of the Nation, one of the factors to be considered. 

Dr Saxon. May I make one other comment, with your permis- 
sion'^ I think to say that? it failed is perhaps to overstate it. To say 
that it did r(ot entirely succeed is, however, correct. In ofher words, 
if you look at that program, you will find that there have been 
quite successful consequences of it— quite strikingly successful con- 
sequences—but you will also find that it turned out to be enor- 
mously more difficult to do than people had imagined. 

I do not think it was less than entire^ successful because people 
'lid not try. There were, in fact, very substantial grants given to 
quite a large number of universities around the country, but the 
realization of the perceived potential for excellence in many cases 
did not follow It turned out to be a very difficult problem. The fail- 
ure wa5 not because people did not seriously try. , 

Mr. Fuppo. Thank you, Mr. Chairman. 

Mr. FuQUA. Thank you, Mr. Flippo. 
- Mr. Dunn? 

Mr. Dunn. We have been talking about impacts of budget cuts. 
None of us has seen the 1983 numbers yet. The groups you repre- 
sent d\d, nevertheless, take cuts last year and are anticipating 
more cuts next year. What if I could say to you that we will guar-- 
antee you a 20.3-percent increase? How would you^feel? 

Dr. Saxon. Terrific, 

Mr. Dunn. Would you feel you had been singled out for special 
iiare in li^u of what elsfe is gofng on in the* Government? * ' 
Dr. Saxon. Is that addressed to me? 
Mr. Dunn. Anybody. 

Dr. Saxon. It seems to me that the administration's analysis and 
policy— and the word policy is related to the word political— in- 
volve an effort to sprt out those things that it is appropriate for the 
Government to support and those which it does not find appropri- 
ate to support That sorting out is taking place, and it is one di- 
mension of what is going on. The other dimension is an absolute 
cut-back in the total level of Government involvement and Govern- 
ment expenditures. 

So within that framework there are manifestly differential treat- 
ments on the part of the the administration. For example, defense 
has been already singled out as an aresr where support can only 
comf* from the Federal Government. Neither the States or the pri- 
vate sector is going to provide it. 

The same statement has been made about basic research— that it 
is something you cannot expect the priyate sector to support; you 
cannot expect it to be supported on the scal6 required in any other 
way than by the Federal Government It is in that context, I think, 
that I would myself put these considerations. 

Mr. Dunn. But you would agree that a 20.3-percent increase 
would be a nice thing to have? 

Dr. Saxon. That is your number. 
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Mr Dunn No, I am saying, if I could guarantee a 20,3 percent 

increase - , . . . 

Dr Saxon. I would feel rather pleased about that, yes * 

Mr Dunn. You have been talking about cuts in the administra- 
tion You should be aw^re that the majority on^ the other side of 
this committee have just recommended a 20.3 percfent increase for 
themselves this year. Mr. Flippo used the words^i Cut the other 
fellow." You ought to, when you are listening to. the I'h^toric on 
this committee, be aware of who the Other fellow is. That 20.3-per- 
cent increase just recommended by the majority o[ this committee 
for this committee amounts to $343,000. rr^i u • 

You have been talking about engineering students. The chair- 
man and I are both concerned about graduate engineering stu- 
dents I wonder if a better use of that $343,000— and our research 
seems to indicate that there is about a $7,000 spread that would be 
necessarv to maintain graduate students— if we divide J1)7,UUU by 
343, would It not be a better use of committee funds to give that to 
30 deserving students this year? What would you think of that? 

Dr Saxon I'd say I am not dumb enough to answer that ques- 
tion (laughter.] . . , . • . 

Mr Dunn. I think I have made my pomt about campaign rhet- 
oric, political rhetoric, and who is cutting whom. I thank the chair- 
man. 

Mr. FuQUA Thank you, Mr. Dunn. 
Mr. Winn? 

Mr. Winn. Thank you, Mr. Chairman. 

Mr Webb, it would appear that as Federal R. & D. funding is 
decreased, GRI funding with industry participation is taking up the 
slack at the present time. To what extent is GRI prepared to carry 
out this trend? You touched on it, but you did not tell us how tar 
they wer^ going to go or if they w^re gping to go much further, and 
if the Federal funding is totally eliminated— that ig the bottom 
line—what would happen to the total R. & D. efforts. 

Mr. Webb. Mr. Winn, we are prepared to pick up as much ot the 
near-term as we can within a reasonable growth rate, so that it can 
be managed. In other words, it does neither the country nor the gas 
industry any good to increase our budget faster than we can actual- 
ly properly spend the money. That does nothing but take dollars' 
from the ratepayer and essentially waste them. 
' So within a manageable growth rate, we are stepping up in the 
near term. We are going from an R. & D. budget of $83.7 million in 
1982 that has been approved by the FERC to approximately ^^118 to 
$120 million of research in 1983. We are talking about real growth 
in the next 3 or 4 years, probably of $15 to $20 million a year in 
real growth above the inflation rate as a long-term goal for the in- 
stitute The areas where we will not be able to pick up the research 
are the long-term, high-risk areas such as^.geopressured methane, 
in situ coal gasification, and some of those areas, for the simple 
reason we have two charters. j • 

No. 1, we have a constituency— that is, the ratepayer— and it is 
hard for them to recognize a payback from something that is 20 or 
30 years in the future. That is beyond their planning horizon, 
beyond the horizon of which they are going to support the bas^e- 
search Institute. Second, the regulatory community is insisting 



that there be mhiu^ n\Ksoiu»bk: chance ^oF a payback within a rea- 
sonable period of tune to the ratepayer;. ^ , 

Therefore, it seems legitimate that* we step into the near-term 
role I just think there are some legitimate long-term research 
areas at somejunding level that is required over the next 10 or 15 
years as we make a transition from gas produced, from drilling a 
hole in the ground, to gas that is through some kind of a conver- 
sion process, whether it is coal, biomass, or whether it comes out of 
tight formations. 

Mr Winn You mentioned the long-range planning^. You used 
that term several times in >our testimwy. You did again just now. 
In reference to the cofunding research projects, you mentioned the 
long range commitment by DOE. What does that mean, particular- 
1\ under the present authorization and appropriations procedure, 
and what Is it going to mean under the. possible phase-out of DOE? 

Mr. Webb Up to now. we have had a good relationship and have 
been able to sit dow^n with the Department, saying, Jlere's our 
budget over the next 5 years. We submit a 5-year and ^n annual^ 
program each >ear that is updated to the regulatory community 

Before we develop that program, we sit down with the other Gov- 
ernmenf agencies here in town that also fund gas-related research 
and try tu determine cooperatively the areas they are going to be 
funding, so we can try to target our research dollars into those 
areas we think are important but the agencies are not funding. 

With the change in philosophy, obviously the cofunding levels we 
were projecting— and the> are not just numbers pulled out of the 
air, thev are numbers that are derived aftex discussing with pro- 
gram managers in the Federal agencies what they had anticipated 
will change The 1983 numbers, for instance, were derived from the 
lOS:? numbers presenfed in the 1982 budget by the administration. 

If the funding cutbacks they are now talking about 'are, in fact, 
jecon'imended and approved, then obviously the long-term cofund- 
ing with the Department of Energy do^s not mean anything, be- 
cause the Department of Energy is not going to do gas-related re- 
search That means for a period of time, vvHIle there" is a transition, 
the research is just not going to be done— the long-term, high-risk 
research. 

Mr. Winn, thank you ' f 

Dr Saxon, do you believe that the federally-sponsored R. & D. 
funding has inhibited industrial sponsorship? 

Dr Saxon I do not think so, although I suppose one could argue 
that it takes some pressure off industry in that regard. It is not my 
perception that in this area industry i& dominantly influenced by 
what X]6vernment funds I think it is much more influenced by tax 
policy. 

Mr. Winn. 1 was just going to ask that. 

Dr. Saxon. Tax policy,. I think, is very important. The point 
about industry support, of course, is th^jt it is base* on perception 
and understanding of how industry is going to benefit. I think 
where it is clear that they will, then they are going to go in wheth- 
er or not the Federal Government is involved, I have not seen that 
as a barrier, but the tax policy is quite a different matter. 

Mr Winn I am interested in your comments about the laborato- 
ries If the industry is to make more use of the national laborato- 
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rifv laaliiK'> hovv du vou uYuiiin^end that we overcome industry s 
coriceinb about prupiietaiv intorniation, Federal patent laws, and 
the limitations of the Departmentls contractual regulations 

Dr Saxon I think it is essential that we do in fact resolve some 
ot theK* concerns, because unless we do, it is going to be very diffi- 
cult to get Mgnificaiit pai ticipation. The Government has been, 
^^enerallv bpeakmg, much too protective of its interest, superficially 
perceived, in connection with patents. I believe that experience 
\Mthui umverMties and indubtr> showb that the GovenimejiJ: policy 
IS not so much protecting palentb but preventing paten^'om ever 
getting filed, preventing these works from going forward ^ 
^ There are a lot of ideas which have simply not been developed as 
much db they could be, and I.woufd submit that the public mterest 
might be tar better served by opening this process^ up, by w.orrymg 
less about the potentiality for commercial gain on the part of 
people whose work has been carried out with Govern'nient sponsor- 
ship That IS not a bad thing as long as it is done in an open, un- 
derstood wav, and I do think that patent policy, licensing policy, 
and these othei questions need to be addressed from that perspec- 

On the other hand, it is important for people to recognize that 
where thev are dealing with national laboratories on programs 
which are intended to provide information and techniques for a 
whole industry, that is a case in which they should not wotry so 
much about proprietary interests 

Mr Winn I knovs mv time is up, but this committee spent quite 
a bit of lim^ last >ear trying to address this problem, and I am 
quite sure it i> going to come up somewhere, somehow, again this 

vear. . , 

Dr Saxon. There has been progress, of course, and \ye very 

much appi-eciate that progress. * ' 

Mr Winn. But it is a problem with industry, too. 
Dr Saxon. Yes. 

Mr. Winn. Thank you very much, Mr. Chairman. 
Mr. FuQCA Thank you, Mr. Winn. 
Mr Lujan? 

Mr LiMAN. Thank you, Mr. Chairman. 

One of the concerns that the committee has had for quite some 
time and it was brought up under the questioning by Mr^ Dunn, 
and the chairman last year had som^^l^^m^tyo en^^^^^ 
voung people into the engineering ^o^^^^d! rtfrmK-^nal:4g. a^^ 
big problem that we have. What coul^jfH^^^o^ motivate youl!g 
people to go into those fields'^ > . * 

The easv answer is more money, scholarships, and those Kinds ot 
things I am thinking in terms of exciting the teachers somehow in 
high school and junior high to have the kids begin t'o look at that 
kind of a career. , , . , 

Dr Saxon, could vou address that? How did you happen to go 
mio the field that vou are in'^ Was it a scholarshiF)? How can we 
get this moving'^ ^ , , 

Dr Saxon The question >ou raise is one of the most challenging 
and important that we face as a nation. I think it is a problem that 
has to be dealt with |n, every State and in every municipality ot 
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this countrv rn\ view, it has to be attacked at every level simul- 
tiineously 

The worst thing you can do' is to somehow treat it as a problem / 
<p large that, if something hasn't been done by the time a student 
reaches the first grade, nothing can be done at all. / 
Furthermore. I think we ne^ to deal with it at every possibl;^ 
level right nov^ We need to encourage students presently enteririg 
college to go into careers in science. That may mean we need /to 
provide them with special opportunities to increase their ma/h- 
ematics' skills If they come in with some deficiencies, we need to 
provide ways for .them to overcome them. We need to encou/age 
people who are now finishing college to go on ipto graduate school. 

At my university we have just taken the unprecedented st6p of 
providing new salary scales for engineers— and computer scientists 
as well-which are at a higher level than those of their colleagues. 
The*f colleagues are not delighted about this, but we felt it was ab- 
solutely essential to do, because we cannot educate people without 
the faculty, and we cannot get faculty in these disciplines without 
competitive salares. That is one way in which we can work at the 
problem Our university is also working with students in the high 
schools and in the junior high schools to encourage them to think 
about college and to take the right courses. 

Mr LUJAN V think the teachers—if they are excited about it 

Dr Saxon We are working with teachers, and right now we ' 
have an effort going in our State which is intended to make explic- 
it what it is that youngsters need to know if they are going to suc- 
ceed in college, :^hat kind of education they have to have. We are 
starting that Ut the seventh grade leveL We are working with 
teachers, PTA s, and all such groups. Those are things that require 
something other than money. 

On the other hand, I think it is also important that we provide * 
the kind of support that makes it possible for young people to 
pursue those kinds of careers, and, I repeat, we need to attack the 
problem at various levels simultaneously. ' 

Mr LUJAN Let me get on to a question that may not be quite 
fair, but we sit as Members of Congress, and at least I view the big - . 
problem that we have in this country as expenses rOTTpring away— 
• the interest rate, the inflation factor. That affects research and af- 
fects your operation of the universities, associations, and compa- 
nies So we are looking at how do we handle this big, big problem 
of the inflation, interest, and all tl\ose things going up. . 

The President s proposal, in which I concur, is to try to keep 
Government spending at a modest level. That is not saying cut, for 
examplV, in expenditures for research. I am looking at a chart here 
from 19()0 through 1981 [indicating chart]. It keeps going up. That 
is constant dollars [indicating], this is adjusted for inflation [indi- ^ 
eating] Of course, that is the problem. If we can reduce the infla- 
tion, then those two lines will be togetner. " . 

But we sit here, and our basic responsibility, I guess, is to try to 
bring those influences down. As I said, maybe it is not quite a fair 
question, but here we are talking about the Research budget under 
stress. All budgets arl under stress. 

When somebody from a hospital group comes in to see me and 
they are in town today, or education people— the school boards are 



.in town\oda>-ni> question is. "Well, if we don t cut you. whom do 
we cut^" I will ask you the same question. You are certamly not 
going to say the aged, the hot lunch program, the social security, or 
any of those. But cuts need to be made. ' . . u • 

Dr Saxon. That is a very difficult and serious question.that obvi- 
ously needs to be considered. I know that, your chairman, in his 
opening remarks to these hearings, pointed out that self-servmg 
and untempered requests were not going to be well regarded. I am 
quite aware of that. - . ^ iv/r 

In a way, I think one has to put it in the same context as Mr. 
Webb put his comments. In other words, one needs to understand 
the consequences of actions that, are being taken. It is the case at 
the moment that the administration has decided that in the de- 
fense area, for example, even though the Federal budget needs to 
be cut, there are other pressing considerations. The same state- 
ment has been made about social security. 

What is involved, as you well know and as your chairman also 
pointed out, is that two kinds of actions are taking place simulta- 
neously^ which are not always internally and mutually consistent, 
On the one hand, an effort is beii>g made to scale back the cost of 
Government, to scale back its cost and its involvement. There is a 
coherent pohtical'program associated with tjiat, and it is intended 
to address, among other things, the issue of inflation. 

Mr. LujAN. It affects research also. 

Dr. Saxon. Yes, research is a part of it; that is correct. 

In the sorting out of what is and, isn't appropriate for the federal 
Government to do,) there are two elements involved. Some thmgs, 
the argument goes, ought to be done at the local level; others ought 
to be done by the private sector. - . • j • 

But basic research has been specifically identified by this admin- 
istration as an area which cannot be handled by either of those ju- 
risdictions.: It has been explicitly recognized as an area where the 
Federal Government must provide the basic levels of support, 1 
agree with that; you all agree with that. It has also been explicitly 
'stated that basic research is absolutely indispensable to our prgduc- 
tivity which is, over the long haul, going to solve the problems you 
refer to. 

Now comes the question. If you are going to cut back, then I 
think you have to recognize the consequences. You are going to 
have to recognize that hobbling basic research will work against 
just those goals the Federal Government has said it wants to 
attain It is quite a different matter from cutting back on food 

stamps. ' r r ^ ' i-U i- 

The argument being made in the case of food stamps is that yes, 
It is very difficult for people now, but long-term, by increasing pro- 
ductivity, by reducing inflation, we are going to make everyone 
better off. That is the argument So there is a long-term purpose 
being served by some of the hard cuts that are being made, The 
long-term purpose with respect to basic research is the opposite. 
That IS the reason I thiak this needs to be looked at very hard and 
very carefully. ^ ^ t^i- 

Mr Chairman, as I read your remarks and also Mr. I^lippos re- 
marks, it seemed to me that both of you were saying just that. 
There is a special djlemma here, not a cruel one in the sei?se of 
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dealing with ihv aRed or the poor but a dilemma nonetheless in • . 
terms of the long-torrn needs uf the ligation. That is what I read 
into your statements, and l|hink there is general agreement about 
that dilemma. It is a very tough issue. 
Mr. LujAN. Thank you. 

Mr FuQUA. Thank you, Mr. Lujan. • • 
Ms. Schneider? 

Ms Schneider I will give Dr. Saxon a rest fof a minute. Mr. 
Webb, I would like to ask you this. You had mentioned possible 
-GRl. efforts to increase R. & D. cofunding with industry. I wonder if 
you could be specific and tell us what industries were involved with 
cofunding research? 

Mr Webb. Yes, ma'am. Most of our increased funding with in- ' 
dustry has primarily come from the manufacturing segment where 
we have developed through research a process that the manufac- 
turing sector can become involved in to try to develop a product 
they can take to the marketplace. 

So primarily it has been in the area of appliances, where we are 
working with several^ manufacturers to develop products— a pulse 
combustion furnace is one example. In exchange for the back- 
ground patent rights developed under cfur research, the manufac- 
turer comes in and puts in- some dollars as well as his engineering 
time to develop the product. We give them an exclusive license for 
;i years, so they have *an incentive to market it. In exchange for 
that, we insist on a royalty payback, so we can try to reduce the 
cost of our research in the future. 

We are beginning to get quite a bit of increased cofunding in the 
manufacturing sector. In the past gas traditionally has been so 
cheap there was no incentive to use it efficiently. When it was only 
2 or 3 percent of the total cost of the product, the incentive,was to 
build the (Cheapest device possible to use the gas, not the most effi- 
cient We are beginning to see quite a bit of cofundihg in those 
areas We still get some cofunding from the Department of Energy, 
but It IS beginning to be a very, very insignificant amount of- " 
money, 

We are not getting much cofunding in the production side,* be- 
cause most production in the gas industry is done by the oil compa- 
nies We represent the regulated segment, and the oil companies, I 
think, still produce 89 percent pf all the gas that is transported 
through the regulated segments of the industry. So nearly all co- 
funding is in the efficient utilization side with the manufacturing 
sector. 

Ms Schneider Jf natural gas were to be deregulated tomorrow, 
would you change your comments insofar as commitment to only 
near term research to incorporate investment in long-term re- 
search also? 

Mr Webb No, it would prqbably put greater pressure on us to 
increase the near term. The reason is that the economic rent from 
decontrol goes to the producers. That is the oil companies, that is 
not the regulated j^as industry. So what you have is the price of gas 
going up faster than competing energy commodities, which means 
there is more and more pressure to try to use it more efficiently so^ 
you can still compete in the marketplace. 
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What It would do to our program is this: I think you would see 
us have to increase 'our budget primarily, in the mdustrial sector 
faster than the other parts, because there is Pro^^ly 1 million bar- 
rels per day of-oil equivalent out there that can switch in bO days 
from gas to oil, depending on the economics. They have a duai-tired 
capacity. So there would be a tremendous increase there but not in 
the long-term- research. I thinks -would skew ^t more toward the 
near term, is what I am trying to say. _ 
Ms. Schneider. OK. Thank you. . 
Dr. Saxon, I noticed in your written testimony that you men- 
tioned the importance of equal opportunity in education and the 
importance of utilizing all of/our human resources. I wonder it you 
could please elaborate on the effects the- budget cuts will have, for 
exatople; on women and minorities, who ai^e only of recent years 
becoming invplved in these areas of educational pursuit:' 

Dr Saxon. I think the most immediate impact is likely to have 
to do with the cuts in student financial aia,-as it is called— the sup- 
port for students who are attending universities. As that aid is cut 
back, the pressure is going to be felt most keenly by those who are 
•least able to afTord education for themselves. . ■„ j' 

I think that is inevitably going to mean that people will attend 
lower cost institutions. T-hat does not necessarily^raean instatutions 
with lower fees but institutions closer to home, because the major 
costs of edlication often are the costs of living away from home, . 

So we are going to see a great movement of students into their 
local institutions, and that .often meaiTs community colleges and 
therefore we are going to see-m our cities more minority students 
attending their own local community colleges and fewer being able 
to go to the universities. That is an unfortunate and immediate 
effect, but that is my [irediction. ' 

With respect to women, I think these economic factors are obvi- 
' ously not related to sex, they are related to quite different matters. 
I do not see the same imjiact on women. . _ . , . 

Ms Schneider. But specifically in the areas of science and engi- 
neermg and investment of the research dollars into that, does the 
University of California, for example, have any plans or programs 
in mind that they might use to jnalce it a little easier for minorities 
or women to get into those fields? More often that not, when the 
budget cuts do occur, those individuals who are traditionally in a 
field will be the last to feel the budget cuts. ~ • . 

Dr Saxon. That certainly is a concern. The programs we have in 
place which provide, at least in the educational sense, facilities 
which are especially useful to women in mathematics, engineering, 
or the like,, are dominantly from State funds rather than^ Federal. 
So .that is -a problem .'for us, because our State budget is also being 
squeezed. But I think you probably have enough ^rouble without 
my bringing>that one in. . , r .' v- 

Ms • Schneider. We hafe had testimony before this committee 
earlier thisyear,.or last year as a matter of fact, and it was rather 
' discouraging to find that many of the comments made by scholars 
were that we are something like 13th in the world insofar' a§ grad- 
uating engineering students is concerned. Part of the concern there 
was that now the students are living on their own, they are more 
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anxious to fuit ,uh\ ^t^i a job, and not interebted in pursuing or 
lurtheang thoir tMit'cr^ through graduate school. 

It seems to me that a.s the Federal Government ib getting out of 
many different education programs, No. 1, they are not going to be 
able to fund th^ microscopes, the different technological assistance 
maehiner\, or whatever, that they might have in schools to help 
students So jX ^eem^^ that there will be incre.ased pressure on in- 
dustr\ to assist the institutes of higher learning to focus on specific 
ways of attracting students. 

Dr Saxon I agree with that There are problems, however. The 
^^tudies of obsolescence of equipment go back 2 or 3 years. Obsoles- 
cent equipment is not the consequence of new Federal policies, it' is 
the consequence of a process that has been going on for a' number 
of years We are trying very hard to modernize our laboratories. 
That IS hard to do Our facilities are antiquated* . 

But those deficiencies ;d<j not fall with an tfneven hand; they fall 
evenly on all students. The> make it more difficult, to provide the 
kind of education we would like, but everyone feels that. So I do 
not feel it has a differential impact on wome.n and tninorities. 

Ms ^.H.^'KiDKR. Thank you very much. 

;ThanK you. Mr. Chairman. - / , 

Mr ?rQL'A.-Mr. Glickman? 

Mr QucKMAX Dr. Saxon, -on page 1 of your testimony >ou indi- 
cate that our capacity /or scientific research and advanced scientif- 
ic education is utterly dependent on continued assistance from the 
* Federal Government. On page 4 of your testimony yoy'say: 

I -^eeni m ^ec an Xdmiiustratiun polKV that makes demands on bcience and tech- 
nolo^y %Mihuut nviking ava^able the rebuurces needed to m^et those demands 

'Ehat implies to me the following; That the administration s 
policy is based on an attempt to stimulate productivity, to stimu- 
late the economy by providing additional tax revenues and capital 
to do so But it seems to imply that without the saientific side of 
the picture, perhiips new capital and plant will take ^us into old 
ideas or into nunproducti^-e development, and therefore we are not 
getting anywhere Is that perhaps what you are saying by that 
statement? 

Dr Saxon I was picking up on Dr. Keyworth's statement and 
analysis in which he pointed out, I thought very persuasively, that 
our long term productivity is critically dependent on our capacities 
in science and. technology. The research is done in the universities, 
the education is done in the universities, and' in order to produce 
those Ipng-term gains, we need to have strong university progi-ams 
in basic research So, there is an expectation and also a commit- 
ment to support'Mt, but the commitment, it seemed to me, was 
somewhat fragmented, and that is what I was referring to. » 

^Mr Glickman I guess my ppint is that the enhancement of capi- 
tal is a necessary item to increase productivity, buUthat alone is 
not sufficient. * 
Dr. Saxon. I agree with that completely. ' *^ 

Mr Glickman OK. On page 8 of your testimony you give two 
excellent^ examples of what this funding reduction is doing. One is 
on the NASA issue, where you said you were asked to reduce the 
budget a couple of times and apparently the item was just totally 
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zeroed out. For our benefit, since we have jurisdiction over the 
NASA budget, what was the nature of that program, if you knov/f 
> Dr. Saxon. I cannot give you any more than.is in this document, 
' but if you would like, I will get that to ;^ou. 

Mr. GucKMAN. Somebody is nodding behind you. 
Dr. Saxon. Yes, we will get that. 
[Materiafto be supplied follows:] 

IKFORMATION ON REDUCTIONS IN THE UNIVERSITY OF CaUPQRNIA's RESEARCH EFFORT 
* SUPPLTED BY THE UNIVERSITY'S BERKELEY CaMPUS, JANUARY X^^^ 

s> A tvDical example of the impact of fundmg uncertainties is one of our NASA proj- 
' ecu JLopic Studies in Meteorites and Lunar Samples) due to expire on ^^anuary 
31. iy»ii The project measured the rare gases in lunar samples and meteorites with 
and wflhout prior neutron irradiation as a means of increasing our understanding 
of the oriinfSs and history of the Solar System We had submitted a renewal proposal 
in the amount of $205,000 In November we were asked to reauce our budget to 
5170 000 In January, when we followed up on the status of th^ renewal, we were 
advi^ that funds.had not yet been made available for the renewal Pur Pnncipa 
investigator had been advised by the program people at NASA Headquarters that 
thev are making ever>Ceffort to provide funds for the renewal includmg; a no cost 
exlenbion to keep the contract open. Wei have not been able to get a sufticiently firm 
commitment so that we wiH be able to allow the project to continue beyond January 
Thus the investigator is forced to issue lay-off notices and take other steos pre- 
oar^itory to shutting down his project., Two graduate students, a half-time p^tdoc- 
toral Reserach Physicist, an Assistant Specialist and a part-time secretary were to 
have been supported on this project . . ^ • r *u' 

\ Note —The University recently received jffour month no cost extension tor this 
- "project, whifh mean^ that, while .the project is extended for four months, no Federal ^ 
funds are available for its support. University funds must be used to maintain it 
NASA is expe<?ted to resume funding on its own once its procurement request is apj 
proved^dtTreimburse the University, but in the '"t^^^^^'^^the Universit^^^^^ 
use the funds for other purpo^ or earn interest on them -Office of the- President, 
March. 1982 ^ ' ^ ' 

Mr. Glickman. You also talked about the effects^-on the Law 
^ rence Berkeley Laboratory. Apparently what you are paying is, not 
only the dollar amounts are concerning you but the uncertainty is 

dfiving you crazy. . , . . . i.- • 

Dr Saxon. That is correct:vObviou?ly, vie are m a. situation in 
which major changes are being made op.a very large scale, and^t^ie 
full dimenjBions'^of those are.notJjeing &pelled#ut in advance. That 
really mirrors the comment that Mr. Webb made about the impact 
^ on hiS'industry. ^ ' v * t? ^« , 

We simply cannot respolW vep^ quickly to these changes, ^v^n 
^ ^ worse the environment in'Vliich this kind of work is to be carried 
out deteriorates very drai»ati5all^;^ia*a that.has an adverse impact 
, on the quality of what is done, on students; it does make it ex- 
tremely difficult . . V ,ir 1.U T u U*J<.« 
Mr Guckman. ok. Ori^ final qtieation, Mr. Webb. I have had an 
^ interest, as has the committed, in the use of natural gas as a motor 
fuel I do fio% see anywhere in your nhatenals any research being 
done by the Gas^ Research Institutein methane as ah automobile or 
a transport^on fuel. I wonder if it might have appeared in some 
- subheading or if it is sortifething that is an oversight. I wonder it 
you' might comment, on th^t? * t ... i. \ 
V Mr. Webb. Yes, Mr. Glickman. The Gas Research Institute, work- 
ing with AGA, has had some discOSSions with F.ord J^olor Co. As 
iou know. Ford h^ recently announced they are coming out with a 
prototype vehicleMn a. couple of years that would use methane as 
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fiH*! The prublt^m we are !unnmg into there is trying to identify 
triih the re!>e<uch that lavdb tu be done and separating it from the 
marketing aspects of jubt getting the knowledge tu the people that ^ 
it IS economical and it can be done today. 

I think our research area will tend to focus on ways' to increase 
ih^ capacit) of the car through better absorbance, so you can have 
a greater capacit> of methane in the s^me size storage tank and 
looking at compressors. We probably will not get into the engine 
research, because there is no wa> we can duplicate what the motor 
companies themselves, such as Ford or GM can do. 
Mr, Glickman But you are pot ignoring the subject? 
Mr Webb. No, we are not ignoring the subject. The reason it was 
notion th^s list is that it was not a cofunded program with DOE, 
and what I tried to show i^ where we are increasing to offset DOE's 
budget cuts 
<» ^ Mr. Glickman Thank you very much. 
Tharftk you, Mr. Chairman. 
Mr FuigUA Thank you, Mr. Glickman. 
Mr Sh^mansky'^'< - . 
Mr StiAN]ANSKV. Thank you, Mr. Chairman. 
President Saxon. I am from Columbus, O^io, which is the home 
of Ohio State University, Batelle Memorial Institute, and Chemical 
Abstracts, which are just along a very small river. I am very con- 
cerned, and I know^ the president of Ohio State, and Deaa Glower 
of the College of Engineering are concerned about* the ability of 
Ohio State to continue to turn o;it well trained graduates which in- 
dustr\ needs, and having any students at all if the cuts contemplat- 
ed by the administration go through. My question ta you is, does 
the University of California, with all its many campuses, have a 
similar problem*^ 

Dr Saxon Yes. we have that problem. I will mot say ninefold; we 
have nine campuses, but each of them is not of the scale of Ohio 
State But vpt^have the problem manyfold. It is a problem which is 
of long standing 

As you try to estimate the impact, you ought to at least be aware 
of the fact that in the Department of Defense budget there is some 
funding, I beHavtr-which is intended 'for equipment, not on the 
same scale as the NSF^ut at least some. So, there has been some . 
recogoition of that need.\^, -) 

Again, 1 would suggest thaTi^Rn^reblel^ not one of per- ' 

suading people that th^ need exists, I think Mi*? Keyworth knows 
Mt, I think his i^tatement makes it dear. There h^vebeen a number 
Wof independent studies that make' that clear. The National Science 
Foundation is aware.. But the committees of Congress doubt it. So, 
it \< hgainvthe problem of trying to strike balances. I would rate it 
as a verv high priority need at my institution, just as it apparently 
is at Ohio State. , 

Mr Shamanskv In 1978. Dr. Saxon, I was in Peking imsi privafee 
*/ capacitv . and we met with a graduate of Ohio State Uni«Ky who 
worked for, the Chinese Academy of Sciences. She explayred that 
di^ring the Cultural Revolution they went to work but did nothing, 
^ so there wa^ a hiatus..of 10 years in which* the Chinese scientific 
. establishment did nothing 
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It seems to me that we a?e experiencing almost a budgetary Cul- 
tural Revolution here which will have a long-range impact on the. 
science and technology of this country. I think it is a cojitinuum; 
you cannot stop it now and then, and say, pick up 5 years later, or 
whatever, and say you have. not been hurt desperately by it. 

Dr Saxon The long-term consequences in this area of actions ^ 
taken today are one- of the most important elements to be consid- 
ered I said earlier that I was not pessimistic, not because I think 
the problems^are trivial, but bec.ause I think the level of under- 
standing is great. ^ ^ . * ' , 

I would say that ^ China the seriousness of their problems, was 
exceeded only by the lack of understanding of what to do about 
them. Totally disastrous decisions were* made at the national .level 
which served- their long-term goals very badly. . 

I have every confidence in the capacity of this committee and its 
counterpart committees to deal with this- in a reasonable way I do 
;iot think we are facing a total disaster, but I think we ai:e facing 
verv serious problems, and I thinH^the decisions made are going to 
liave profound consequences fat the long-term wellbeing of the 

Qountry. i- -xi. t 

Mr. Shamansky'. Dr. Saxon, -with respect to this committee, 1 am 
happy to report that a truly bipartisan majority of this committee 
voted to eliminate $240 niillion— I think it was— for the Clinch 
River breeder reactor, which even David Stockman ^gid was a 



turkey ' ^ ^ 

■Unfortunately, at the same time ihat^the administration cut 
back and wanted to cut back bn science education and instrumen- 
tation it put back that $240 million for purely political reasons in 
the sense that Mr. Baker is from Tennessee. That seems ta me to 
be a problem which was taken out of the hands oT this committee, 
How long can the scientific and technology establishment or part 
of our country Sit silent on specific actions like that? ^ 

Dr. Saxon. As far as I can tell. Congressman Shamarisky, there 
IS little enthusiasm among my colleagues in the scfientific commu- 
nity for the particular project you referred to, but I am barely 
expert in technology and science and not at all expert in politics. 

Mr. Shamansky. Well, join the rest of us. Dr. Saxon. - ; 

Do the research universities have any way of coordinating your 
efforts? 1 have the feeling that you come up in* a capacity repre- 
sentative of an association, but Kam not sur^ that your group as 
such— whatever groups you .are members of— jgo to their Congress- 
men pf either Party and ^ay what it is you want to do in this area 
and ask us tcr fight for it; ^ " ... . «r ' i u 

Dr. SaxoM. I think that Is a justified criticism. We do have our 
associations. For example, Ohio State University and the Universi- 
ty of California belong jointly to at least three that I know: the 
American Assbciatipn of Universities, which tends to focus on re- 
search interests; the Land Grant Associatioji, which has a some- 
what broader set of constituents; the Americaji Council on Educa- 
tion which has every higher educartional institution in its constitu- 
ency. All of those associations are engaged, in one way or another, 
in trying to develop general views. . ^ a* 

On the other hand, it is^I think, an intrinsic aspect of American 
•life that our universities, unlike European ones, are really quite in- 
ns. 



vU.idu.il. iruk-pfiuiriit t^nlitit Thu--^. Ohio Slate University, af'-ri 
alL 1^ a iini\t'iMl> lunctiun> m Ohio. largel> for the people 

. of Ohio, alihuugh it ha^ a national purpose as \^el^ The University 
oi Cahfornia function* in a different enMronment. If we were in 
, Pairope. we would all be under some ministry of education and it 
would be wr\ ea^> to get the kind of coherence \ou talk about. 
' it orj^of the strengths of dur i?^atem that we have this diversi- 
tv and/1 think ft is boniethin^ vst ought to nurture. But it means 
that \o(u have to be as underbtanding as^you can about the fact 
that >ou will sometimes get advice which lacks total coherence, 
bometimes you are going to have to do the integrating instead of 
having it done for you. But that is not all bad; The fact that it is/ 
presented in such a \\a\ gives you ati opportunity to see Ypr your- 
self the true diversity of views/ as wiell as of institutions, in this 
country on issues that are vary important. 

Mr Shamansky Thank^yoTh Dr Saxon. 

Thank you. Mn Chairman.^ , 

Mr FuQUA. Thank vQu, 'Mr, Shamansky. - ' ' 

^ Mr Dymally? ; -V,,-^' ^ ' ' . 

^ ^ Mr l)Y^TA^LY Mr HenViques, given the fact that* the Japanese 
(lovernment h^s just advanced the computer indtistrv several bil- 
lion dollars in a cooper^ve effort to catch up with your -industry, 
do \ou believe^^our industry can survive Without Federal research 
funds with this threat fSTdng us? - . ; / 

Mr Hen'riques..J|?s,.I think it cari without difect support to the 
industry rron;^jt he Government. 

Mr Dymally. Not direct support, research support.- 

Mr Henriques That is what I am saying— direct research sup- - 
port I think the direct research support, is more appropriate into 
the acadeniic community. 

The need for engineers and scientists is perhaps more critical to 
our industry than the direct subsidization of research and develop- 
ment within the industry To achieve this, we need to support very 
strongly the universities and centers that have microelectronic re- 
'<^earch going on, programming research going on, and mathemat- 
ical theory research going on. . , . 

I might make the camment, however, that our industry feels that 
we si^ould have a relationship to Federal R. & D. policy but that we 
^do pot want to follow the Japanese ms>del. We see no need for a 
MITI type organ izatioi? and the direction of research and the direc- 
tion of product development being done by the Government. 

Mr Dymally. Even though they.may catch up with us and beat 
us? 

Mr Hkxriques It is not really apparent that they wilFcatch up 
with us '* . : 

One of the things that we do.need is a less adversarial relation- 
ship with the Government in terms of tax structure, information 
policy, and the problems of joint R. & D„ as I mentioned. In Japan, 
research that is developed by one university or one company is 
shared 'by all If we tried that in this country, we would all be vis- 
ited by the Justice Depactment Und probably locked up. I think it. 
is that difference in philosophy which is more threatening to us 
thcin the fact that they poured so many dollars into the research 
.effort. • • 
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Mr DvMAM\ Ml V\\»l)b. li Federal funds were withdrawn for re- 
search and your industry had to tv.simie that responsibility, would 
\ou move into alternative sources also'^ 

Mr Webb Bv alternative sources, vou mean other than gas-relat- 

ed'^ ' ' " ^ 

Mr D\ mai.lv Yes , i , t? 

Mr Wfbb Under our current application to the Federal bnergy 
Refc?uiatorv Commission, we could not, for the simple reason that 
we can do' research on new tvpes of gas supply We can certainly do 
research on biomass, because biomass is a product that can be con- 
\erted to a i^as We can do research on anything that can be con- 
verted to a gaseous fuel, or we can do research on more efficient 
ways to use gas But we would be precluded, since the money is ac- 
tually funded from the gas users in this Nation, from domg re- 
search, let us >av, on solar that had no possible interface with the 

^ci< system , , ■••41.1 

Mr Dymall^ Dr Saxon, we face, obviously, a crisis in the ^'lass- 
rvMjn, from elementary all the way through the university system 
IVut it;seem> to me that we also face a crisis in communicating 
that messa^l^ to the administration. You have a very active 
member of \our board of regents in this administration. As a Lali- 
tornia resident, he uas one of the university's big supporters Are 
Nou conimuaitating that message to him, so that he can communi- 
cate it to the adninustration now? 

Dr Saxon I communicate that message to anybody that will 
listen to me, and I do it all the time » - ^ 

Mr Uymally But, do you have a chance to communicate with 
, him. now that he is a District of Columbia resident? 

Dr. Saxon Well, 1 have to worry a* little bit about conflicts ot 
interest in that regard. 1 r 

Mr D^MALLY. But he is a member of the board, and therefore it 
^eems to me that that message ought to be conveyed to the admin- 
istration ' , 1 • r J f 

Dr Saxon. That is the pomt. We keep our board mformed ol 
th-ese issues Thev are very important to the. board of regents We 
report to them on it and report to them on programs that we are 
initiating, and every member of the board receives that intorma- 
tion But I could not single out a member of the admimstration 
who happened to be a member of the board for some kinS at special 
attention. 1 think that would be grossly inappropriate and unfair to 
him as well . 

Mr Dymally. You would not have any hesitation to communi- 
cate with him as you do with \he speaker of the California assem-^ 
b'K, who was a member of your .board and passed on your "budget 

Dr Saxon Yes, I do that all the time. . 
^ Mr Dymally. I mean you do that all the^time. You communicate 
with the speaker, who is a member, and you see no conflict there 
Dr Saxon I only communicate with the speaker either as a 
member* of the board of regents or in connection with our presenta- 
tions to the legislature, if we are presenting something, ji^st as 

^\Mr. Dymaily Has there been any special message to the board 
about this crisis we face in the classroom? 
Dr Saxon. Yes. - 
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Mr Dymau.y Could I get a copy of that message, so I could send 
it to my ex-fellow board member? 
Dr. Saxon. Yes.. ' 
Mr, Dymally. Thank you very much, 

[President Saxon's February 19, 1982, statement to the Regents 
on the effects of the Federal budget on the University of California 
follows:] 
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pREsiDHNT Saxon's Statement on the Effects of the 
Federal Budget on the University of California 

David $. Saxon. PresidenIt San Francisco 

UNlVERS m OF CaLIFORMIA FEBRUARY RSSENTS^ I^.EETjNG FEBRUARY 19. 1982 

The Federal Government is in the midst of a fundamental re-examinaxion 

OF ITS PROPER ROLE IN THE LIFE OF THE NATION AMD OF THE CHANGES THAT SHOULD 
3S MADE IN THE WAY THE GOVERNMENT DOES BUSINESS. I WANT TO TALK TO YOU. 
TODAY ABOUT OUR PRESENT ASSESSMENT OF THO^E MAJOR CHANGES IN FEDERAL PRO- 
GRAMS AND SPENDING THAT, HAVE CORRESPONDINGLY MAJOR EFFECTS ON THE UNIVERSITY. 

In order of- the difficulty and urgency of the problems they present. I 

WI-L DISCUS^ FIRST, STUDENT FINANCIAL AID; THEN^MeDICARE AND ^IeDI-Cal 
5UPP0HT OF patient tARE; NEXT. RESEARCH SUPPORT; AND LAST. THE ?tPARTMENT^ 

OF Energy Laboratories. 

We are all well aware of President Reagan's efforts to control the 
GROwtH or Federal expenditures and indebtedness, efforts tahich are intended 
to free resources jq stj.muus.te the economy's productivity and health, We 

ARE now in a period OF LARGE REDUCTION JN FEDERAL PROGRAM BUDGETS-A 
PERIOD THAT IS EXPECTED TO CONTINUE FOR A WHILE YET, At LEAST Ir) THE 
SHORT RUN. THE ECONOMY IS IN RECESSION. A SITUATION WHICH MAKES .THE 

President's task even more difficult as Revenues are. reduced and money 

RiAAlHS EXPENSIVE, NEVERTHELESS^ THE ADMINISTRATION IS OPERATING ON THE 
EXPECTATION THAT ITS EFFORTS WILL BE SUCCESSFUL. AND THAT A LONG-RUN 
- SURGE IN PRODUCTION WILL BEGIN,' HoHEVER. TO ACHIEVE THE PRESIDENT'S \ 
GOAL^ A VIGOROUS NATIONAL EFFORT IN SCI^^CE IS ESSENTIAL TO PROVIDE THE 
RESE.ARCH NEE2ED TO PROMOTE PRODUCTIVITY AND. EQUALLY IMPORTANT. A HEALTHY 
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COUL^riONAL SfoTL^ !. INDI .f'^ NsABU TO PftOVIDC THE EDUCATED MEN AND WOMEN 
JN »HO!i THAT RESEARCH. AiNO ITS INNOVATIVE APPLICATION, DEPEND, 

George KtywcftTH, the Presidsnt's Science Advisor, has explicitly 

.TATEO THAT THE ADMlNlSTf?ATION IS COMMITTED TO SUPPORT BASIC SCIENCE AMD/ 
-\«rhtr?, TrtAT rw£ SUPPORT OF SCIENTIFU AND ACADEMIC f^ESE^RCH TO SUSTAIN 
?UR NATIONAL CAPACITY AND TO OVERCOME S,£R llHlSBSOLHSCEflCE IN EQUIPMENT 
4N0 -AClLfTIES IS Mi LMPO^^TANT INV^^T.^IENT IN THE FUTURE, At THE SAME 

^i^E< hCwEVE^, THE Administration is clearG and deliberately set on 
^EDUCING Federal su^por- op higher education in the forh of student 

ASSIsrVKE and other SCIENCE^ EDUCATION PROGRAMS. ThE$E TWO COURSES OF 
ACTIJN SEEM JQ ME* FUNDAMENTALLY iNCONSi STENT^, iT DCfes NOT HA)^ 5ENSE TO 
ACKNOWLEDGE ruE TMpo>-A;jr ROLE SCIENCE PLAJs'lN OUR NATIONAL WELL'SEIUG 
«HU£ AT THE SAME TIME REDUCING SUPPORJ THArENABLES STUDENTS TO ATTEND 
w^L.FCe, AND r'ARTICULARLY TO CONTINUE THE IR STUDIES AS GR ADU AT EV STUDENTS . 
Jt DOES NOT MA-^E SENSE TO DIMINISH RESOURCES AVAILABLE FOR IMPROVEMENT 
OF SCIENTIFIC EDUCATION THROUGHOUT THE SCHOOL SYSTE^. 

ThU-S, fR;M PpSPECTIVE THERE SEEM TO BE MIXED SIGNS AND PORTENTS 

in Administration policies affecting science, technology, and education. 
These mixed signs are a source of tremendous uncertainty, doubt, and 

anxiety about THE DIRECTION OF OUR NATIONAL EFFORT IN SCIENCE AND EDUCA- 
TION, NOT ONLY FOR THOSE AGENCIES ADMINISTERING FEDERAL PROGRAMS, BUT 
ALSO FOR THE CCHMUNlTY OF FACULTY, STUDENTS, AND STAFF OF UNIVERSITIES 
IN^GEN'ERAL AND THE UNIVERSITY OF CALIFORNIA !N PARTICULAR,, ThIS UNCER- 
TAINTY CO.MPOUNDED BY. THE VERY COMPLIC/\TED AND CONFUSING NATURE OF THE 

Federal budgetary process, which has -yet! to settle the 1982 budget while 

BEGINNING THE CONGRESSIONAL PROCESS FCr/1983. 
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LcT ME NOW TURN TO T«E FOUR MAJOR AREAS OF CONCERN, 
^T^tnPNT PU4ANrTA1. AlD 

U 1980-81, WHICH WE SHALL TAKE AS OUR BASE YEAR FOR THIS DISCUSSION^ 

THE University received about $130 million in Fe-deral student aid; 

ABOUT $20 MILLION IN CERTAIN CAMPUS-BASED PROGRAMS, ANOTHER "^29 
MILLION IN WEED-BASED GRANTS (CALLED PELL GRANTs). ANj) $90 MILLION 

jN Guaranteed STiiDtNT Loans (GSL). By 193^^, changes already adopted 

OR PROPOSED POR THESE PROGRAMS WOULD DECREASE ThTs SUM BY MORE tHAN 

75X'from s: million to $30 million, a'declrie which can fairly be 

_^6SCRiBE^ A5 C^TASTf?OPHlC;^ LeT ME TAKE THESE THREE PROGRAM CATB- ^ 
GORIES IN ORDER, ,^ / * 

i' ■ . " ■ 

* rAMPUS-BAS.Fn PROGRAr.S . ThERE'"ARE THREf FEDERAL ^'ROGRAMS ADMIN- 
ISTERED 3Y THE CAMPUSEsMuPPLEM^TAL EDUCATIONAL OPPORTUNI-TY 

Grants (SEOG), National Direct Student Loans (flDSL)> and Colleg^. 
Work-Study (C'/fS-), All of these programs are need-based a^d 

SERVE THE LESS AFFLUENT OF OUR STUDENTS, ThE ALLOCATIONS FOR 
these programs for 1982;83 have AgieADY BEEN CUT FROM THE 80-31 

base-by 271 IN NDSL, 15Z in SEOG and 3Z in CWS. VIha^ this means 

IS THAT THE UNIVERSITY OF CaLI FORN I A* Wl tL FIND IT MUC>^*"M0RE 
DIFFICULT TO MAINTAIN PAST LEVELS. 'OF SUPPORT TO STUDENTS WITH 
FINANCIAL NEED, MOCH LESS MAKE INCREASES FOR INFLATION. NONETHE 
LESS, we WILL MAKE EVE^Y EFFORT TO PROTECT STUDENTS WHOSE NEED 
IS MOST UR6ENT\. LET ME ADD THAT STUDENTS HAVE NOT YET FELT THE 
EFFECTS OF THESE CUTS IN THE CURRENT* ACADEMIC YEA^ BECAUSE THESE 
PROGRAMS ARE FOAwARD FUNDSb" THAT 1$, THE FY 82 APPROPRIATIONS 
APPLY TO «tH£ 82-83' ACADEMIC YEAR. 
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Unfortunathly, prospects for FY 1983 are much worse. That 

BUDGET PROPOSES TO ELIMINATE THE SE06 AND NDSL COMPLETELY AND 

TO CUT Work-Study by 30Z. 

Our students have already been affected by cutbacks 
IN THE Pell Grant program. Reduction in the past two years has. 

SEEN $130 PER award, even THOUGH COLLEGE COSTS HAVE ESCALATED. 
We ESTIMATE THAT THIS REDUCTION. HAS KEPT OVER 2.000 RECIPIEI^TS 

AT THE University from receiving Pell Grant help to continue 

THEIR EDUCATION. If THE CHANGES PROPOSED IN THE FY 1983 BUDGET 
ARE ADOPTED. THE FUNDS AVAILABLE WILL BE CUT BY ABOUT HALF IN 
CaApARED WITH 1981, 

'' GuARANTFfO . ^UPFNT I ThE FULL IMPACT OF THE CHANGE *IN 

ELIGIBILITY. FOR THE LAST OF THESE FINANCIAL AID PROGRAMS- 
GUARANTKD STUDENT LOAN— ALSO HAS NOT YET BEER FELT BY OUR 

Students;; That impact will be known once applications are made 
FOR 1^82-83. Furthermore, graduate students will no longer be 

.eligible for such awards, regardless OF^NEEDy EFFECTIVE THIS 

YEAR. They will instead become eligible for an Auxiliary Loan 

PROGRAM THAT IS MUCH MORE COSTLY TO THE STUDENT. AND THAT HAS YET 
TO BE ACCEPTED BY THE BANKS. The COST OF THE LOANS 4IAS ALREADY 
INCREASED BECAUSE OF A 5% LOAN FEE. It'is PROPOSED TO DOUBLE 
THAT FEE TO IQZ. 

The impact of these changes on all of our graduaYe and professional^ 

STUpENTSWILL BE SEVERE. FORMAT fflESENT JHERE ARE 9^000 SU^H STUDENTS 
AT THE liNriV5RSITY -NOW^eCEIVIN<5,;6St WHO WOULD NO I^ONGeR BE ELIGIBLe! 
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Cumulatively^ these cuts would represent, as I H^ntioned earlier, 
a loss of 752 OF the dollars for student financial aid by 198^, and 

THIS AT A TIME WHEN COLLEGE COSTS ARE RISKING. He ARE STILL NOT 
CERTAFN of THE PRgCtSE EFFECTS OF ALL OF THIS ON UNIVERSITY OF 

California stucents, except that it will reduce or eliminate thousands 

OF awards and FELLOWSHIPS^ NOT ONLY FOR MIDDLE INCOME STUDENTS BUT 

for low incdme and minority students as well. 

He estimate that in 1980-81 qur hospitals received about $18^ million 

IN REIMByflSEMENTS FROM MEDICARE AfjD THE FEDERAL PORTION Of'NeDI-CaL . 

^ rtsDiCAiD). In addition, physicians' fees paid through these PRO-- 

CRAMS ARE A SOURCE QF SUPPORT FOR OUR COMPENSATION PLANS* PRESUMABLY, 
THESE REIMBURSEMENTS WtLL DIMINISH AS MEDICARE AND MEOI^CAL CUT, 

"'BACK* flAJ OR ^CHANGES HAVE BEEN INSTITUTED IN BOTH MEDICARE AND 
HeDI-Cal THAt(wILL widen the GAP FURXh^R BETWEEN 'COSTS AND .REIMBURSE' 
MENTS: The UNlvEftSITV's 198G'^'S1 shortfall of $50 million is EXPECTtD^ 

•TO increase by $19 million to $69*M1LL10N lN^981-"82. 

For the University, Federal budget cuts requiring a retrenchment of' 
THE Medicare and Meoi-Cal programs have serious cumulative imp l I ca- 
tions*. These programs finance the care of more than one-half "of 
the patients in the University's teaching hospitals. They provide 
about half of the hospitals' revenues, as well as substantial addi- 
tional revenue from physicians' fees, revenue that flows into our 

COMPENSATION PLANS, ^S f HAVE ALREADY SAID. FURTHER, FEDERAL CUTS 
Are OFTEN TRANSLATED If^TO StATE CUTS, BECAUSE HEALTH CARE VuNDiNG Of 
THE MAS«V^ftEDr-CAL PROGRAM IS A JoiNT ft^^SPONSIBlLITY. ^ 
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Unfortunately, rnc $19 million shortfall ih 1981-82 that I mentioned 

EARLIER lis MERELY THE FIRST STORM WARNING. ThE REASONS ARE AT LEAST 
TWO: FlisT. WITHOUT KNOWING TH^ DETAILS OF THE FY 1983 BUDGET-NO 
ONE COULn AT THIS POINT— THE GOVERNOR HAS ANTICIPATED IWE PROSPECTS 

foa THE State created by a revenue shortfall^ compounded by current 
Federal ciArs. As a result, he has included in his 1982-83 "State 

budget CSRtAiN FAR-REACHING ^IEOI-CaL CUTS, INCLUDING A FREEZE ON 

cost-and-chVrge increases for the next fiscal year. -Second, President 
Reagan's 1983 budget includes cuts for Medicare and Medicaid that 

WILL DWARF tAe FY 1982 SHORTFALLS. ACCORDING TO THE StaTE CONTROLLER'S 

Office^ these^cuts may cost California as much as $500 million. 
3. Research • ' , ' 

X 

^j.URjNG 1980-81 THE CAMPUSES WERE AWARDED $519 MILLION IN FEDERAL 
CONTRACTS AHO GRANTS, 12.5: OF ALL FEDERAL DOLLARS AWARDED TO COLLEGES 
AND U?nVERSITIES. We ESTIMATE THAT THIS WILL DECLINE BY $2B MILLION 
IN 19»J,-^2. J^iE CONSEQUENCES OF THE REDUCTION ARE DIFFICULT TO 
ANALYZE^ AND. ALL THE MORE SO BECAUSE IT IS AN AGGREGATE OF THE NET 
OF VARIOUS CUTS AND INCREASES, , OnE PATTERN IS CLEAR^ /oWEVER. As 

Attachment 1 indicates, there is a general loss of support fkom 
civilian agencies except agriculture, but urge increases in funding 
fROM THE Department of Defense. However, those agencies^ suted to 
receive increases are. the source of only a small fraction of our 

TOTAL SUPPORT* AnD THE AWARD TOTALS DO NOT REVEAL WHAT MAY BE A 
VERY REAL SHIFT IN THE NATURE OF PROGRAMS THE FEDERAL GOVERNMENT IS 
WILLING TO SPONSOR, REDUCED RESEARCH FUNDING FOK'PROJECTS IN THE 
f/;^ SOqUL SCIENCES AND H^J^J^IT-lES MAKES fT .ClEAil.mT THEY ARE TARGETS 
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OF A SHIFT OP e^mixU^,; OTHea program cHANces- -/^r& apparent ih' ^ 

ENERG-Y rts^ARGh*. ir CHAftSES IN FSDEfiAL S1>EM|)lN^ PATTERNS COMTINUg,. , 
TH5 ABILITY OF' THE UNIVERSITY Ta CONDUCT RESEARCH .JIN SOME. DISCIPLINES 
rtlLL 3E SUSSTANTIAUY AFFECT|d. ; SoME PARTICULARS OF H0W^'t?6BUCTiqfiS 
IN FsceRAL RESEARCH MONEY HAVE INFLUENCED THE RESEARCH OF PRINCIPAL 
INVESTIGATORS ON THE CAMPUSES ARE, SHOWN JN ATTACHMENT 1, "E^PLES 

of' Some Campus-Reported Reductions in the llNiV|f?snY of CALiFORNjA's^ 
Research Effort*" * ■ ^ f- 

TURNING NOW TO 1932-83> I CAN REPORT Wt THE SITUATION PROMISES TO 
BE RATHER 5ETTER . ThE FY 83 BUDGET PROPOSAL CALLS FOR AN 8.8% 
INCREASE IN BASIC RESEARCH SUPPORTED BY THE MAJOR FEDERAL DEPART- 
MENTS AND AGENCIES; ThIS 8.8Z.WILL KEEP UP WITH INFLATION AND • 
PERHAPS A LITTLE HORE. I'HIS INCREASE^ IT SHOULD BE NOTED^ IS NOT 
INCONSISTENT WITH THE SCIENCE AdVISOR'S ANNOUf^CED POLICY OF, FEDERAL 
SUPPORT FOR RESEARCH CJF THE KlND,URGELY CONDUCTED BY T;^E NATfON's ^ 
.OotLEGES AND UNI VEpS IT^ES . 1f WE CONTINUE TO COMPETE Vl-GOROUSLV 

FOR Federal funds,^ the UNiyE^sjTY ^of California will, I have no . 

DOUBW .GE-^ its share OF THESE PROGRAJI FUNDS, ^ 

T^P DfRARTMPNT of FnF^RY 1 AaORATQRIE^- ^ " . - 

The University's reutionship, with the DOE Laboratories is quite 

DIFFERENT FROM THAT WITH OUR HOSP ITALS' ANd WITH OUR OTHER CAMPUS- 
BASED TEACHING AND RESEARCH PROGRAMS. NONETHELESS, OUR MANAGEMENT 
RESPONSIBILlTtY IS EFFECTED BY SUBSTANTIAL CI^NGES RESULTING FROM ^ 
fHE NEW POLICY AND "FUNDING PATTERNS, Of* THE 'DEPARTMENT Of ENERGY. 



Jh& Lawrence BERKSLB^.UBORATOfiy experienced a bubgetary loss of 10. ^X, 

aEFORE INfUTJCKr AND RETORTS THE L0S5 OF ^i35 CAREER AND CONTRACT 
*P6^S0NNEU> OVER iOX OF THE TOTAL STAFF*. , PROGRAMMATIf' REDUCTIONS OR 
^ ELIMlNATICf^S^HAN^T BEi^ MADE IN GE6tHERMAL. COMBUSTION, FOSSIL^ OIL 
SHAU,^ AND ^OMASS RESEARCH/R^^OJECTa. ,^LBL'3 HiGH EnERGY PhYSICS 
^|^>-aROJECT IS FACING REORG^NIZAXION AND REDUCTION OF STAFF. 



•At'ths Los Alamos JBational Laboratory, a budget increase of 9% is 

P^eCTHQySUT T>ilS FISURE IS 162 LESS THAN ESCALATED COSTS DEMAND. 
AMD Los AlAHOS is FACING A $30 MILLION REVENUE SHORTFALL. VOLUNTARY 
^STAFF {^EDUCTIONS WERE SOUGHT. . AND ,259 eKplOYEES VOLUNTEEREI^ FOR 

ScFARAriOK. Another 100 iNvoLiJNTARY separations MAY BE NEEDED. The 

PROGRAMS M(^ST SERIOUSLY AFFECTED BY THE REVENUE SHORTFALL ARE FosSiL 

Em^a, ConseWion, Energy Research, and the Nuclear Energy programs. 
The Lawrence. L I vermore National Laboratory .received a SZ budget increase 

BUT THIS ISjLHSS THAN^THE lO^Z COST E.SCAUTION AT THE^LaBORATORY. 
The 198^EDE»?AL budget REQUIREDTREDUCflON OF 300 STAFF FTE, J3UT 
THE-}^B0RAT0RY relieves this figure can be reached through NORMAL 
JURNOVE^frVTHE^UBORAJORY REPORTS ITS WEA^ONs'rESEARCH 'AND SPECIAL 

'Isotope ^PARAT ION funding are up sjcsnificanI^*^ while. the Ihfrtial 

CoMFlft^J^^Nt FUSION FUNDING WAS .REDUCED. BY 102 AND THE ENERGY CON- 
SERVATfON AND HEALTH ANI^ ENVlfeONMEilTAL ReS^APCH PROGRAMS WERE REDUCED.. 



* The Laboratory of JiucLlAR' Medicine and Radvatipn Biology "^t Los 
Angeu? finds its budget 7.7Z' lower for the year^ hot taking into 
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ACCOUNT THe*efFHCtS Of I^FUTlOfi; FoUR OF TWENTY STAFF HAVE LEFT 

rn.E Laboratory, and the Exchange Program in Bjomouecuur and 
Celluur Sciences was dropped* While the Environmental Biology 

?k66??An RECEIVED- ONLY HALF GF ITS USUAL SUP-PORT. 

\ <> . . ' . 

As Tnb^ BUDGET REDUCTIONS ARE REGIS^^ED THROUGHOUT THE UNIVERSITY 
OF CalIF0RNIA'^TB(5, AiNOTHcR IKMEDlATt ANo' PERHAPS EQUALLY SERIOUS 
PRt)BL£>1 MAY^BE OEVELOPl.NG. ThE UNCERTAINTY CR£AT€D BY THE FEDERAL BUDGET 
HAS APPARHNTLY AFFECTED THE PATTSRN OF SUBMI^^SION OF PROPOSALS BY FACULTY, 

The Systemwide OfficEoOF Contracts >nd Grants reports (see Attachment 3) 

T^At.NEW PROPOSALS fOf^ FEDERAL AWARDS ARE ABOUT 20% LESS IN THE FIRST HALF 
OP THIS ACADEMIC YEAR THAN AT THE* SAME TIME InA9S0-81, ?".0RE0VER, FEWER 
P^^OPOSALS WERE MADE IN THE SECOND QUARTER COcTOBER-DECEMBER) OF THIS 
FISCAL YEAR THAN IN THE F13ST jQUARTER> SUGGESTING THAT 'PRINCIPAL INVESTI- 
GATORS MAY BE CONSIDERABLY LESS CERJAIN OF WHAT FEDERAL AGENCIES CAN OR 
WILL FiiND. UNLESS THIS TREND REVERSES ITSELF CaND IT HAY)> THE UNIVERSITY 
WILL OBTAIN F^WER FeDeW DOLLARS IN FY 1982-83 THAN 'IT OUGHT, 

Together with the Chancellors and other administrators as well as 

nANY ON THE FACULTY, I AM WORKING TO ADDRESS THE ISSUES RAISED BY THE . . 

^Administration's policy changes. I RECENTLrT€STiFiED before the House 
• Science and Technouogy Committee on the general topic of -"Sciei^ce and , 
Technology und^r Budget Stress/' A copy of that testimony is included with 
this'report as Attachment ^1. Closer to home, we are making a deliberate 

EFIFCRT to bring INFORMATION TO STUDENTS AND THEIR' PARENTS ABOUT PROPOSED 
CHANGES IN FINANCIAL AID.' We XRE WORKING WITH GROUPS OF FACULTY AND GOVERN- 
MENT AGENCIES ON VARIOUS ELEMENTS OF THE RESEARCH SUPPORT BUDGET. We ARE 
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-^OAC^D^ATI^AtLY AND ,IN tA^lfOHttlA IN DISCUSSIONS ON THE Fi/TURE COURSE 
'J? -SOPC^dRT FOR HEALTH CAS£, PARTICULARLY IN TEACHING HOSPITALS.'.;^ 

In summary, recInj cj^anges in patterns of Federal funding have so 

HAD THE F0LL0WJ\G CCNSEQqE^C^ S ; / 

1. )iE EXPECT A OECBEASE IN SUPPORT FOR STUDENT FIh/uCIAL AID OF 

^ $2.3 H14.LICN IN GRANTS, AND $60 MILLION Iti LOANs/by THE NEXT ACADEMIC 
YS?;'R. We are FACii^a proposals for even more Ma/sIVE reductions .IN 
' , TH£^ FOLLOWING YEAR. 

2. We c^TlW^bs^l^t REIMBURSEMENTS FOR^XeDICARE-jXeDI-CaL FOR 1981- 
32^,WILL SS AN ADOmONAL'Sl^'^iXLIOH^ SHOr/ OF COSTS. ThE PROSPECTS 
FOR 32-83 AND BEYOfiD CAN ONLY BE DESCRIStD AS FRIGHTENING. ' 

' / 

3. We £STimT£ A DECREASE IN RESEARc/ SUPPORT OF PERHAPS AS nUCH AS 
S26 MILLION THIS YEAR. NeXT J^EAR. /^OWEVER. WE ANTICIPATE A TURN- 

^ AROUND. CCUPLED TO ^OME AS YET UHKNOWN CHANGES IN DISCIPLINARY EMPHASIS. 

/ ' ' ^ 

^ ^, Jhe Laboratories have BEENiEQuiRHo to reduce their work force by 

AT LEAST l.OOO^PSRSONS, AND/BUDGETARY CUTS HAVE FORCEJ) THEM TO 
SHIR SOME PROGRAM EMPHASE^, - \ * - ' 

. t/HAT I HAVE PRESENTED TO)AY 'HAS LARGELY BEEN A- RECITAL OF FACTS> 
ALTHOUGH SOME EDITORIAL COMMENT HAS CERTAINLY CREPT IN, BuT IN THAT 
ftSCITAL SOMETHING IMPORTANT IS MISSING. I HAVE NOT COMVEYED, AND PERHAPS 

, THERE IS NO WAY I <;A^ tONVEY, THE .IMPACT OF A(.L OF THIS ON OUR STUDENTS^ 
FiVCULTY> AND STAFF, ThE MAJOR TRA(iSEORMA^JOKS, iti FEDERAL fOLlOY NOW 

'BEING FORMULATED AND IMPLEMENTED IN WASHINGTON ARE ACCQHPANI ED" INEVITABLY-r 




SV UNCERTAINTY AND COHFUSIOfU , DESPITE THE BEST'SFFpftJS OF FEDERAL 

OrFlCIALS^ THAT UNCERTAINTY AND CONFUSIO^f ARE JJ^ANSWITTED TO US> WITH 

UNiWTSNDED DlST^TlOf* AN0 EVEN AMPLIFICATION, ThIS MEANS THAT*^IT IS^ 

ExtJ^AORBINARILY^DlFFICULT FOR US TO PLAN OUR RESEARCH PROGRAMS^ WHICH « 

' SIMPLY CANffllX KESPOND TO SHORT TERM 'CHANGES J. TO pARRY OUT OUR HEALTH 

CARE RESPOMSISILITIESJ AND> MOST ^OF ALLy fo PROVIDE GUIDANCE FOR "OUR ' 

StUDENTS^ WHO MUST 8EAR AN INTOLERABLE "BURDEN OF UNCERTAINTY AS THEY ' ^ 

TRY TO PLASi'FOR' THE FUTt^RE. A.ND NOT ONLY OUR- STUDENTS, STUDENTS IN THE 
^ f * ' t ■ 

HIGH SCHOOLS MUST DECIDE ON A TIMELY B^SIS^ WHETHER THE FEDERAL BUDGET^ ' 
15 READY OR NOT> ABOUT WHERE-tAKD IF— THEY ARE GOING TO cARRY THEJ^ EDU" 
CATiaN -nURTHER^ SiMILARLy'/ STUDENTS AT THE UNDERGRADUATE l^VEL IN 
COlUGES, AND 'UNiVER^ITIES THROUGHOUT THE NATION MUST DECIDE WHETHER AND 
WHERE ^J,0 PURSUE THEIR- EDUCATION AT THE GRADUATE LEVEL. LST ME ASSURE 
YOU THAT.THESc BURDEl^S ARE REAL Af^D THXI^T^EIR C0NSEQU9fffcES> IF NOT YET 
KNOWfO ARE CERTAIN TO BE LARGE, 

As -DEVELOPMENTS TAKE PLACE> I WILL CONTINUE TO KEEP .Y9U INFORMED. 
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TABLE 1 



Attachment I 



£3Tr^?SSD PSDJECTICNS ?Ca H S2 FSISRAL -SSc.^^ SlM«?r FCR TOE UNIVERSTT^ CAUKWilA 
. ^ f C2N «JLLZCKS) 

♦ ' * ^ 80-31 ^ ^ '1>ro3ectfid tJC 81-32- 1/ 



IS? • y 

OOD 

EPA . 
^lABOIVCETA 
StKS/AID - 



^ 39 
97 
21 

5, 



6.9 
19.2' 
49:0 
214.3 

3.8 
25,9 

5.6 

3.3 
.3 
^25. 9 



■ $»'^5* 9 
91.4 
19,5 

3.6 
,0 

7.6 
16.5 
60.2 
202.1 

2.9 
21.9 

5.'0 

0 

1.5 
24.9 



TOM* 



$519.1 



$493.0 

<$452*7 in 1980-81 
doUars.) 3/ 



*Alaohol, On*? Abuse, Cental Headth Adtun. 

$ - 5.6nK PHS/yraining Inatituticwd Grants 
+, 1.8tt^/l«H ifesearch Awards 



$ - 3.aca. 



•**lncludes Dept. JUstace^ Dept. Tx^nsgoztatian, 
Veterams Jdsan. , ot ai . 



1/ Tto prevent distortion, uuiti- 
year losses br gains are shown • 
here cn an. etnnuaUzed basis. 

2/ Projected ^UC fY 82 awards is 
estimated by subtractiivg carrpus 
reported funding changes and 
the Oeoesrber Continuing Besolu- 
ticn 41 loss fjxra UC n 80-81 
awards. 

•3/ Inflation "ad justnent is based 
cn fonaila used by the Office ' 
of^the legislative Analyst, 
State of California. J^rojected 
- itiflation is, 8.9%. 
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"A typacal example of the urpact of fending unoertainties is cne of 
oar NASA projects* (Isotcplc Scudn»s in Metercrxtes and Luiar Sattples) 
to to empire Co January 31, 19^2." The project measured the rsxe 
9.v5e5 in lunar sarples and necoatriteci vith «rd vithout prior reutrcn 
irradiAtLicn as a aeans of increuong oar understanding of the origins 
and history of tho SoLar System. "We had sx:tbmittod a renewal prcposa), 
in the isrouit of 5205,000. In Novnorber we vwre asJced tOvreduce our 
budget to 5170,000, , In January, ;4>en v^^e followed up on the status of 
the renewal, we ware a3vis«d that frads hsd Dot yet been made available 
for the cenevrtd. Our principal investigator haid been advised by the 
progrcci people at NASA ^Headquarters that they are no}dng every effort 
to provide f\«Js for tJie renewal including issuing a no cost extension 
to teep the coatract open, we have not been able to get a sufficiently 
fua ccmsitacnt so that we will be able to allow the project to con- 
tinus bcycod January 31. Thus the invesugator is forced to issue 
lay-off notices and take other steps preparatory to shutting down his 
project, IVjo graduate students, a half-time postdoctoral Research 
Physicist, an Assistant Specialist and a port-tiire secretary were to 
rviv^«a^ supported cn this projefit.*^ 

'Sizable rcducticns {frcm the iteticn£d Eiidowrents for the Arts> are 
being experienced in awaitis to the university Art Museisn. Ma new project 
a loss of the order of iragnitix5e of $40-50,000," as NEA reduced 10% fran 
rhe seven proposals for* $50O> 000k which eventually were funded. . 

NASA deferred the Gartna Ray Observatory project at San Diego, The 
project studied Gectna Hays esattcd frcn celestial objects liXe super 
novas, solar flares, blade holes, neutron stars, etc. The radiauon 
"signatures" found in Garroa Riys, which were to be picked up by the 
Cfcservator/ project, identify what elerrents exist in these objects. 
The project called for $20,5 aiUicn in funding, and was sd^eduled to. 
last froa 1979 through 1986. One million <2ollars of the total has been 
spent up to this poiiit, and an estimated $1 laillicn would be ^acnt in 
ry 198?. The lorg-tenn loss bo the University is 519.5 nallacn. Of the 
total award, 58 rallicn was to be spent directly cn the carpus with the 
rest of the project to be subccntracted to businesslss throoghout CaOifomia 
and t!fi S«i Diego area. project's deferroi ended an international 
study conducted by 20 principal investigators froa 6 instituticns. 
According to the lead principa], ui^wstigator. Dr. Lawrende J^oberscn of 
OCSb, mlaticns wxth fellow researchers in France w^re strained by the 
cancellaticn. Dr, Petersen says the project was to have been the prmary 
""research activity of San Diego's Center for Aeronautics Space Science for 
the entire 1980 decacfe, and wae the next step of his 1$ to 20 years of . 
research. The Center could lose 3 to 7 techniced staff. ' 

The can^xas lost 5615,200 in CSIA ircney fran the Department of Labor vhi<fii 
"has significantly reduced resources for gener*l adkninistraticti and 
facilities maintenance.^ While 69 CETA pcrsctmei were lot go »frotn San 
DiogOj the tx: System alt09ether lost 295 persons and a loss of 53.3 milla^on 
frcn 1980-31. Itesourcos which could have been used to siJpport research 
projects are now needed to cover the aaintenanoe and administrative effort 
cncc provided by/CETA workers. 
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-Watasr-PoiluticrK^tot project funded by the EJivuatrental 

Protection Agency previccsly*jpproved for three years fcegirjUM m 
1981, -at lOOlC per year got partiaL sujxxjrt fcr cne year. No new 
would have, scant suadSents ax^ a postdoctorate. 

loss of $500,000 frcn the Oeputrent of Energy n5an3 the Riverside 
"Ciootherpal Research prograo will be swxtsiy limited." ihouch the 
catfpcs IS, seeJcing alternative funding, the roaourojs for sisporting 
three student assistants is lost,- 

•Cfte very unhappy exacple of the* results of cuts in federal funduw is 
at Langley Porter PsychiAtric Ir^tituto. It is the abrupt ending^ of a 
ocntract frx» th^ Haticnal Institute of Child Health and Dev«lopi«nt 
to study the causes of dyslcxia--a fom of re^dlng disability— in- 
children. L'utial results suggested significant advances in tho*sci- 
entific understanding of this disorder. Ihree years worth of pcdn- ^ 
staJungly collected data characterizing dyslexia children in tcKns of 
brain txlectrical activity and other factors m cannot be ^alyzed and 
reported. Most merbers of the research toara.oaiput of 15 ceople), 
inclwdxng an intaroaucnally renowned investi^Sr (Dr. Qiarles Yinqluxi) , 
vail .have to find pofiiticns elsevihere.'' ' v ^ » 

!-abor3tor\' for Qriergy Selatad Health Research at Cevis has experienced 
d 30^ re<iucticn ir. its S3. 9 rtdilion set of awards in 19S1. Labora- 
tory s oissicn to study the long-term biological, and health effects of 
enctgy derived pollutants. The budget cuts sustiained this year forced 
the l«sy-off of 23 pecple, including the Laboratory's staff biochenust 
and organic chanist. The Laboratory no longer has in-house capability 
for biochmical analysis and cnly liitated organic domical analysis. 

The Mboratory receives its prirary funding fron throe agencies. Its 
* Department of Energy awzirds are S2.86 miUicn this year, down fron $3.26 
nallion in 1981. A -ooal-oil trd^tjcures" project of $340,000 was 
eiiffinated, which would have identified ooal-oil mixtures and the 
, effects of ixaming such mixtures cn tissue taltunis. 

Cne Environental Protecticn flg«ency^awtard 6/ $248,000 was cut, thus 
teraunating a *ooal-fl^^-aAh" study, which iiwestigated the lOM-term 
effects of inhaling coal-ash cotpounds. 

' , r ' 

funding for the Nuclear Regulatory Cotmissicn fell to $255,000 this 
j-ear fron $283,000 in 1981. Cne project eliciinatod due to this reduction 
\as to have ccnfinxd the adequacNf of present' mc standards that set 
lunits cn the legal exposure to lo^ level radioactive substances . 

The laboratory reports all studies have a redixed efficiency in their 
research effortA^ ' ^ . ' 
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Mr Kuqi'A Thank vou, Mr Dymally. ^ 
^ Ms. Heckler* ' . . i ui • 

Ms. Heckler. I feel purboiuiHy that one of the real problen?s m 
engineering education, judging by my Massachusetts experience, 
wuj^ the boom and bust cycle of Federal funding in aerospace and 
m Governmefft contracts in general. I well recnember tm period ^ 
when the Government decided not to invest and engineers or 
Ph. D.'b who were 49 or 50 and who were on the verge of suicide; a . ' 
certam number did commit suicide over the loss of job opportunity, 
the loss^f a career, and their inability to translate their engineer- 
ing background mtu skills that were saleable in the marketplace 

I think today there is a lot of hesitancy anrioilg young students to 
take on an engineering career because the niemory is still fresh, at 
iea^t in our area, of what happened when the Governmejit changed 
its course and. when engineering was no longer required. I think 
that is one^ol the reasons that we do not- have the interest m engi^^ 
iieering. 

How do we avoid this if we develop the personnel that I think is 
tYuly needed b> industry in the field of engineering? How do we 
reassure them that the boom and bust cycle is not going to return, _ 
that tbiirfuture is going to be a stable ^nd productive one*^ 

Dr Saxon. I referred earlier to the roots of the present shortage 
of engineers and the same phenomenon you talked about In a free 
society It IS quite impossible to give absolute assurances of this 
sort. I do think, however, that in a free society we ought to be tree 
to learn from our experience. 

One of the lessons that I draw frpm those earlier events is,that, 
whatever else we.are good at in this country, manpower prediction 
IS not one of tfiem. As a matter of fact, as far as I can tell, even in 
societies where Government planning is total, manpower predic- 
tions are something that is done very, very badly indeed. So I think 
we ought to be very cautious about overreacting when these kinds 
of events occur. * ^ ' c 

^ T}pically, we see signs of change occurring in our estimates ot 
manpower needs. By Government parficipation we actually worsen 
rather than moderate such changes. In other words, a little recog- 
irition of the fact that these cycles are^ inevitable but that they 
work their way slowly would help a great deal. The catastrophic 
event is one in which we do not have people we desperately need^ 

With respect to engineers, statfstically at least, the impact of 
those events of a decade ago was really relatively small compared, 
let us say, to what is happening to people working in the auto- 
mobile industry today, a major problem in which a very, very sub- 
stantial number of people are not going to have jobs and ai%. going 
to find. it very -difficlilt to find other jobs. 

Engineers ai:e generally well educated people with long-'term 
commitments. The number involved a decade ago was really quite 
small if you looked at it carefully, and most of them were eventu- 
ally able to find other work. But it is vefy difficult for an individu- 
- al of course, and thesis no way we can guarantee that any indi- 
vidual is going to be immune from those kinds of problems. 

Ms. Heckler. I would agree with that. I do not believe there is a 
np-risk lifestyle or career. 
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I just wonder about the diversification of contract sources in the 
private sector Certainly, if industry did not totally r% on .Govern- 
ment contracts but developed foreign markets and priyate con- 
tracts, and diversifi.ed its customer list, then yoii w6uld not have a 
boom and bust cycle for engineers related to Government shifts in 
priorities Is that happening in the high t^hnology .field, would 
you say? * 'n 

Dr Saxon Again, I.^think that wherever you havea single spon- 
sor for an activity, there is some danger. Right now, the defenSe- 
' related industries are building very dramatically. Clearly, the pnly 
tustomei- for defense activities is the Federal Government. 
^ ^„ It seeihs to me that one needs to understand very clearly what 
the implications of this btiild-up are, what its long-term conse- 
quences are, and how to deal with both, That is a governmental 
matter; it is nothing that any of us can control. If you look, on the) 
other hand,\at.an industry such as computer science, while the 
Government 'is clearly a major buyer, it is not the only buyer, and 
there is prdfection in that. - - 

Biotechnology, which is a newly developing field, i^on^ in wHich 
I do not see large Federal Government involvemeht. In fact, it 
would make me nervous if the Federal Government became the 
principal sponsor or buyer of those products. 

Ms. Hecklek. Thank you. Dr. Saxon. 

Thank you, Mr. Chairman. ^ 

Mr. FUQUA. Thank you vel^ much, Ms. Hecklef. v 

I want to thank all of bur witnesses this morning for very excel- 
lent testimony and the answers to questions. I think you can see 
that there is a great deal of interest in 'the subject that we ^re all 
very concerned about. Tha;?,k you all very much. 

Mr. FuQUA. Our next^witness this morning is our colleague, 
Berkley Bedell, from lowa.^^ " ' ^ ' . 

Berk, we are happy to have you back testifying again this week. 
I apologize for the delay, but I think, .as you can see, .there is a 
great deal of interest in this subject matter. * ' • 

STATEMENT OF THE HONORABLE BERKLEY BEDELL, A MEMBER 
OF THE HOUSE OF REPRESENTATIVES FROM THE STATE Of 
IOWA 

Mr. Bedell. I certainly can, Mr. Chairman. 

I know the hour is late. I do not have prepared testimony, but I 
was most anxious to come aver and speak to the committee, be- 
cause of some of the strong beliefs and concerns I have in this par- 
ticular area. ♦ " * i 

Current policies are based upon supply side economics. As I un- 
derstand it, the proposal is that if we increase our productivity and 
produce more goods,.our economy will take off I think that philos. 
ophy makes some .sense, but I believe it starts in the middle, Mr. 
Chairman, we are not really looking at what it is we are going to 

do.' ' ; ' 

-I think the question is, y/hat ate we going to produce? Are we 
going to produce more TV sets when we already have several in 
each home? Are we going to produce more commercial airlines sim- 
ilar to those that are now in storage at all the various different air- 
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lines? Are \v(,' t'^mg lu produce more cars that are similar to the 
ones we already have; or are we going to go forward with new tech- 
nology and with new items that will chang(|^the way we Iwe^. 

1 thought Mr. Glickman s question was right on^he button It we 
areVeally going to move forward into new products, into a new 
world, and givVaevv tax breaks so we chn go ahead and make nriore 
' of the old. products we. already, have, clearly, in niy opmion, it is 
not going to \vork. , . ' " i ^ t 

I am very sorry that Mr. Shamansky haS left. I would urge ev- 
erybody to read the article that he had in ^he NiSw YorJ^ Times just 
. m^tWlas'f 2-orJ da^s in re'g^rd to automobiles. I thought it hit 
vjitright square on the head. ' < , . i ' ' ^i.- 

• . We are in tough times. As Mr. Lujan mentio'hed, we are cutting 
back I come out" of a business background, Mr. Chairman, and I 
' agree with Mr. Saxon, we had better look at the long. term. When, 
bu^nesses find themselves iil difficulty, they can cut back, if they 
* wish to. on their research, X)n their promotion, and on their per- 
using, because they do not have the money, and the result is abso- 
lutely assured: That business is going to die. ^ 

On the contrary, when they get in trouble, they can say. We are 
going to go forward, and we are going to increase'our effort in re- 
search, develop new products,' we are going to advertise those new 
products., and we are going to go forward." Those companies will 
prosper when times are good or bad. 

Whether or not we like it^ we compete today }n international 
markets. I happen to believe we are just on the 'knife-edge of a 
whole new world of new technology. I believe a lot of this came out 
; of tho space program: , i . u u 

U is unusual for a Member of Congress to ever admit he has 
been wrong,, but I have to tell you, I have been wrong. I did not 
properly supfSort the space, program. I could not see us spending all 
that money going to the Moon when we had all these problems 
down here. Of all the things that have come from that space pro- 
gram, I now know it was one of the greater tWngs that we have 
done in our society. , ^ , . . • / xu 

When people tell you that Gpyernment is inefficient, they are 
going to do things wrong, and all that, they are right, but the fact 
IS that Government took us to the Moon, arid I think it shows what 
we can do if we work together. / * 
' Whether we Jike it or not, the Japanese and the Germans are 
going to go forward. They are working together in order to go for- 
ward. Tfiere i^ certainly roorft Tor disagreement, and I have to tell 
you I disagree with the gfentleman who just, testified^at he 
' thought the Japanese arenbt going forward ahead of us/ not pass- 
ing us. I thihk they are nicking fools out of us, frankly, I think it 
he had been testifying /ok binocular^, cameras, ^ TV s, or auto- 
mobiles, he might have had a little different concern. My concern 
,is not just what they ha^ve dorie; my concern is what it is that they 
"are going to do. '/ ' ^ * ^ r 't*u- i ' 

So I am afraid we >vill sit back and let them pass u^ by. I think 
. they ''are going to pas^ us by in the world markets for new products^ 
I think they are gping to pass us by in regard to our standard ot 
living if we sit her^. I think they are going' to pass us by^in Econom- 
ic development if/we stick to the Oid^ ^ . 
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1 urge this cominittec lo^recogni/e the importance of moving for- 
^ward \ylth new technolog> t,hat can make thib world a better place 
in which to live I believe new technology is the answer to a strong 
economy where we have people working and where we can move 
forward just as business ca^n do, if they really decide tfiat they are 
not going to simply draw in th^ir^i^ecks. ^ 
Mr FvQUA Thank you very much, Berk- You certainly/l thinjk;, 
^ outline the really critical situation we are in> I certainly want to 
' forgive you for any past transgressions on the support pf the spape 
program But you know, of all the hioney that was spent, not one 
dollar was spent on the Moon, it was all spent right here, not only 
providing jobs but, as you point out, new technology and things we 
^^.can use for {he future. a,. ' 

As you further point out, at a time j^vheri we are in a critical situ- 
ation, where^we shouW move forward technologically, we find o^ir- 
selves laying' off, sales forces. There is tto company that can sur- 
vive-^yon are absolutely correct— in the I6ng term that way. Short- 
term, you can maybe get by,.but4n the long terp I think we are 
just erodin^^bur bab^e has been referred to many times, we are 
eating our seed corn. 

Mr. Glickman? ' . . • 

Mr GurKMAN I jmt want t^ compliment Berkley on his state-, 
ment and also for his recognition that our competitors are mpvirig' 
ahead in a broad ..variety of substan^tive, areas that We traditionally 
have had the lead on. v , 

You mentioned space. This Week's Time or Newsweek has a st6ry 
about what the West Germans ^|e doing, -and the European Eco- 
nomic Community, and^ the Joint Consortium, on^ Space that will 
rival our space shuttle effort. In the >^rea of aeronautics, which is 
near and.dear to my heart since we niake all these airplanel^iri my 
district. \ve are finding that the rest of the world is moving far 
'ahead, primarily because their government .has aVather coopera- 
tive, positive role with their industry that we do not seem to have.. 

Notwithstanding Dr. Keyworths nice, positive, pleasing- state- 
mms to thejcontrary, I do nor believe that the real meaning of 
v|his administration's attitude toward science and technology is any-o 
Tthing but negative, and it disturbs me very much. 
. ' Mr. FuQUA.^ Thank you. , 

We are very happy to welcome back one of our members who 
had a misrfortune in an automobile recently in Maryland. 

We are very; happy to have you back with us— I was going to say 
bail and Hearty, but I arfi not sure that would be the apptopriatre 
thing, but I know it is hearty, and we certainly offer our heartfelt 
tljanks that xon are back. * . * , ' - ' 

•-'Ms Bou<iUARD Thank you very much, Mr. Chairman. I want you 
to know tjiat I appreciate your concern and the concern of the com- 
mittees jt IS g ood to be back, and I am sorry that I hav^ had to miss 
.'sortie of our hearings. [ * ' ^ ^ 

J was rather appalled by a statement expressed 6y Dr. Saxon, 
presi^lent of the University of California, who said that he could 
not^^ind any scientists that were willing to back up our commit- 
rneiit to CRBR F would like to ask unanimous ^consent to submit , 
questions m writitiig to Df. Saxon to back up hi§ Statement in view . 
of the sup|>ort that^our Jbroad scientific compiupity has given to 
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this most worth>-in my opinion—projeqj, since we are of course 
going to have to spend our money in the most prudent fashion, 
It is good to be back. Thank you very much. 

Mr, FuQUA. We thank you very much, Berkley, for your state- ^ 
ment and taking your time to be here. I apologize for havmg to 
keep* you waiting so long, but we thank you very much for your 
support and the problems that we are facing in trying to reach our 
long-range goals of technology and basic research. Thank you very 
much. 

Mr. Bedelu Thank ryou, Mr. Chairman. . 
Mr. FuQUA. the committee will be adjourned. t \ 
[Whereupon, at 12 nbon, the hfearing was redessefl, subject to the 
"call of the Chair.] ^ 
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U.S. SCIENCE AND TECHNOLOGY UNDER 
BUDGET STRESS 



WEDNESDAY, FEBRUARY 3, mi 

^ V House of Representatives, ' 

Committee on Science and Technology, 

Washington, D.C. 

The .committee met, pursuant tt)/call at 2 p.m., in room of 
the Rayburn Hous^ Office Building, |Iori. Don.Fuqua (chairjnan of 
the full committee) {jr^siding, . > 

. The Chairman. The committee wiU be in order. 

Without objectiop, photograph and recording devices may be 
used during the course of the hearing. • 

The comhiittee meets this afternoon to continue its series of 
hearings on U:S. Science and Technology Under Budget Stress. 
What we are concerned about in these l>fearings is to examine the 
administration's policies for federally supported research and de- 
velopment and •their impact on our Nation s scientific and techno- 
logical capabilities. 

Here is the overall budge^t picture thus far; From 1980 to 1982 
the Federal nondefense R. & D. budget has decreased by 18 percent* 
in constant 1980 dollars. This is a serious situation. We are already 
aware of substantial program retrenchment in certain agencies and 
personnel layoffs at several major national laboratories. 

We are^ looking across the board, from basic research to technol- 
ogy development, considering all areas of civilian R. & D., in order 
to get a general assessment of the situation before we receive the 
fiscal year 1983 budgfet request. The testimony we receive and thfe 
issues raised should help us in what promi;5es to be difficult delib- 
erations over the fiscal year 1983 R. & D. authorizations. • 

With u,s today are distinguished representatives from the scierit 
tific cortimunity, who will give us their assessments and recommen- 
dations. ^/ ^ ^; " ^ • , I 

It is a^'pleasure to^ welcome back before the committee* Dr. Bfr 
Allan Bromley, wha is now chairman of the board of directors "of 
the American Assdciation for the Advancement of Science. Dr. 
Bromley is al^o a distinguished professor of physics at Yafe Univer- 
sity. 

We also welcome Dr. Robert W. Parry, who has just recently 
become president of the American Chemical Society. Dr. Parry is 
also an eminent chemistry professor at the University of Utah, 

We are especially honored today to' have Dr. James Wafeon, a 
leading member of the prestigious Delegation, for Basic ^Biomedical 
Research. Dr. \Vatson, as many of you know, is a Nobe} laureate 
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renowned for* his pioneering work on DNA, and he directs^ the 
famous Cold Spring 'Harbor Laboratory on N^w York's *Loug Island 
Representing , the American Institute of. Biological Sciences, we 
are delighted to have Dr. i^. ,Carl Leopold, a senior scientist wor^ 
iiig in plant phvsiology at the Bo^ce Thompson Institute in upstate ' 

New York. ' " , ■ 

We want to welcome all of our distinguished witnesses this atter- • 
noon. As has been the practice, we will hear from the witnesses 
and then try to relate questions to all of you, otherwise we will be 
here until tomorrow with the interest shown by the membership. 
' As our first witness we will start with Dr. Bromley. 
[The biographical sketch of Mr. Bromley follows:] 

BiQGRAPmcAt Information OF a Allan Bromley, President, AmericaK 
Association for the Advancement op Science 

D. A14an Bromlev (physics), 1926, B Sc., "1948: M.Sc., 1950. Queen's Univei^ity; 
Ph a, Universitv S{ Rochester, 1952, M.A , Yale University, 1961, Dr Nat Phil , 
University of Frankfurt, 1978. With Yale University since 1960?H^nry Ford prof^- 
sor smo? 1972, director, A. W Wright Nuclear Structure Laboratory, since 1963 
Previoubiy wUh University of Rochester and Atomic Energy of Canada, Ltd ^^^o% 
Ame|:ican Academ> of Arts and Sciences, /Governor General of Canada Metal, 194^, 
National Research. Council fellotv, 1952. Guggenheim fellow, 1977-r78; Humboldt 
fellow. iy7h. Benjamin Franklin fellow. Royal Society of Arts, 1979; Council, Atneri- 
can Physical Society, 1967-71. chairman. Physics Survey Committee, National Acad 
emy of Sciences 1969--73. chairman. Ofilce of Physical Science, NRC, 19T5-78 Vice 
president, International Union of Pure and Applied Physics; chairman. National 
Science Foundation committee to- review university based nuclear science laborato- 
ries' chairman, CSPRC Delegation in Nuclear* Science to China; United States/ 
U.sls.R. Working Grpups on Science Policy and on Research on Fundiimental Prop. 
*»rties of Matter. AAAS activititife. chairman. Section on Physics, 1978; Council ^1 -^^9; 
^Vesiden^Elect, 1980: President! 198L 

STATEMENT OF ALLAN BROMLEY, CHAIRMAN, BOARD OK^ DI- 
RECTORS, AMERIOAN ASSOCIATION^ FOR THE ADVXNtEMENT 
OE SCIENCE, AND PROFESSOR OF PHYSIC^, YALE UNIVERSITY, 
NEW HAVEN, CONNECTICUT " ' ' - - 

Mr. Sromley. Good afternoon, Mr. Chairman. , 
Mr.. FuQUA, I might add also'that if you wish to make your state- 
ment in its entirety part of the record and summarize it, we will be 

^ happy to receive it in that fashion also. * . ^ 

S Mr. Bromley. Thank you, Mr. jChafrman. I want to qegin by 
thanking.you and memhars of the committee for the opportunity to 

. appear before you again as^you continue your series of hearings on 
U.S. Science and Technology Under Budget Strress. ^ ' • 

. I have submitted a rather more complete testimony than usual 
for the record, Mr. Chairman, because I felt that the questions you 
dddressed to us were particularly penetrating and difficuU ones, 

* and that they deserved rather detailed answers. 

So, with your permission, I will siibmit the testimony for the 
record, and provide here only highlights, fo help you in this, I 
have made available to you a summary of those highlights, and I 
will be speaking from that summary. By Way Of a general overview, 
I should like to summarize a numbeuof my views. Some of these I 
will address later today. Others will be followed up in greater 
detail in the formal testimony. # 
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OVKRVIEW 

Let me start by simpi> emphasizing that overall, we still have in 
the United States the world'^ strongest science. and technolog> en- 
terprise, although I sense that that strength is in some jeopard>. 

It is also a time of very rapid change in the legislative and execu- 
tive branches of the Government, in science and technology* them- 
$elves«and'in public^expectations: ' 

One of our majof tasks is that of building a new constituency 
and gfeater understanding of sdence an^ technology. 

I would' argue we must ancoiiple ^the research and development- 
aspects of R. & D, and would advocate that under almost any na- 
tional scenario, modest real growth in Federal support long- 
range research is an essential investment in our Nation^s future. 

r^ust rebuild science and mathematics in -the Nations* 
schools to foster both public literacy and foundations fdl^ profession- 
al development. 

Whatever we ma> eventually decide regarding the optimum mix 
uf^ur reiiearch and development institutions, and whatever we 
ma> ^decide as a Nation to do iir response to oarrent personnel 
shortages, I should like to urge that we not embark on crash cor- 
rectiv^e programs, but rather make changes consistent with the 
time constraints of the system^ ihvolved. 

We ha\e to rebuild the bridges between the scientific and engi- 
neering communities and the national security and defense enter- 
prise. ' , ^ ' 

We mu^t also rebuild bridges between the scientific and engi- 
^neering communities and private industry, and hefp focus our at- 
tention on the international, as opposed to the national market- 
place. . ^ 

We jnust act and be perceived as acting to befter the quality 6f 
life in the Third World and we must maintain a major role in the 
international science and technology community. 

We must face up to the fact ^at there are areas where sciepce 
and, technology' may. appear tdPbe on a c()l^ision course with tihe 
democratic proems. We have to address these^ issues openly and in- 
telligently, and do so now. , ^ . \ 

Finally, those of us in the scientific and engineering communities 
must do a better job of working, together, and we must' do a better 
job of working with^you^ Mr. Chairman, ar^d your colleagues in the 
P9liticaLvvorla. '^y . ' A'* * 

* , . FEDERAL ROLE R. & D. 

Let me then turn to the question of tKe Federal rple in research 
and development"^ It is important to recognize that the principal 
support of basic research for iO years has been a publiq responsioil- 
ity, and I believe that it mu§t remain one. 

f he private sector will not necessarily ^locate optimal resources 
in all the areas that are of importance to the Nation. There are 
several reasons for this. First of all, the overall benefits are distrib- 
uted much more widely beyond the institution that pays for £he 
work. Second, long range research is inherently risky. Third, the 
•scale of investment,\fi instrumentation yequired to feach the fron- 
tiers ifor example, telescopes, accelerator^,-^ phytotrons, large elec- 
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tron micrt)SCOpes) ib buch as to be beyond the means Qf all but the 
'very largest private org^izations. Finally, in this area, current 
r management philosoplhies in this country that place emphasis on 

• short-term payoffs seem to me, to^ mitigate against long-term in- 
\»estment and research. ' * ^ r . . ^ ' 

And so,l conclude that tl^e issues of supporting investment in 
basic research should be separated from those relating to develop- 
ment. The Federal role in the development, process is often debat- 
able in* terms of specific ^^rojects. But modest real growth in Feder- 
al support of basic' research I believe to be central to our national 
well-being in the future. • v , . ^ r 

National security and defense matters ar^also a vital p^rt ot the 
Federal role. The relationship between science and the military 

* goes back a very long, time, to the v^ry beginning of oOr Nation. 

But, the major buildup occurred only during an^ after vvorld 
War II. All* of us in the Nation, particularly in th$ scientific and 
engineering communities, owe a yery^great debt to people like 
Robert Conrad, Mannie Piore, and other people in the Office ot 
Naval Research who formed a pluralistic mechanism that ha6 
served this Nation well and has been the envy of the world. It 
bears emphasis that during the 1950's the Department of Defense 
was the dominant "supporteT of basic research and of university re- 
search in this country. . 1 iocn» 
- - We all know about the influeilces that arose during the 19b0 s 
^d 1970 s to separate the military from the universities. There 
we're the antiWai:, the .antitechnology movements that^grew in the 
' shadow of the Vietnam conflict external to ' government. And 
within government there was the Mansfield amendment. ' 

As I view the Federal role I see^the need fof close and endurmg, 
relationships between* scientists and engineers on the one hand, 
and those in the Military forces on the other. Yet, we must recog^ 
nize that there are inherent tensions here. National security ©tten 
cftlls for secrecy. Science almost always calls-fer open communica- 
tion. Devising the appropriate balances here will surely be one- of 
, the most vexing and challenging questions in an open society such 

'^^Pri^Ste sector relationships areNalscJ' part of the' federal role, 

* Prior, to World War JI, a& we all know, the private sector was the 
dominant supporter of academic research in the country. ^ut*with 

' the availability of generous Federal support flowing after the war, 
' this role dwindled. , , ^ . \ . i 

It seems to me th^ private sector must contmue to play a large 

• and complementary role to the Federal Government in supporting 
basic research. Both industry and the research community have 
much to gain from this. A rebuilding process is long overdue in this 
private sector— university interface. And happily^ it is underway. It 
reflects a greater .reqpgnition by the private sector of its needs. It 
also reflects recognition in academi^^ belated recognition, of its 
needs for private support, and beyond private support for the phi- 

' . losophy and the real world inputTrom industry. I happen to believe 
that these latter contributions more important even than the direct 

support. > r u 

The private sector-Federal interface reflects many of the same 
problems, and furtKer displays a myopia about international com- 




petition. Othei governnientb work cloi>el> with their companies to 
make tl\em more campeti.ti\e, Ubuall> with us, in the iiUernati/Qnal- 
. " marketplape. ; \ - -* 

Until recently, our Justice Department, however, has been seek- 
ing 4o<break up firms like IBM aAd the Bell System wit!) interna- 
tional competitive R. &'D capabilities. The time has come for us to 
think through what we are trying to accomplish. 

And because of these things it is a matter of seri9us concern, I 
believe, to us in the United States to .recognize that the fraction of 
" the scientists and engineers in the U.S. labor force has declined 
steadil> since 1965, whilein the same period this fraction has dou- 
bled in both Japan and in Germany. ' ' ^ 
;I wouW ai*gue that this is not at ail unrelated to trends ih pro- 
ductivity In m> formal testimony I have argued that the Federal 
role in R, & D is reall> ^ set uf complex ibbueb which demand close 
study New kinds of partnerships must be developed between those 
concerned with national security and those in the universities. It 
, wiir not Ibe easy. o * ♦ 

Similiarl>, we must evolve a broadened partnership ampng uni- 
\ersities, the Federal Government and the pnivate sector. It is es- 
sential to our economic growth and improved international 
' compctiti\e postoire. And while part of this deals with budgets and 
with policies, a very important part of it,is related to^ttitudes. 

SETTLING PRIORITIES FOR DIRECT FEDERAL SUPPORT OF R..& D. 

In your letter, Mr. Chairman, you asked for my comojents on set- 
ting priorities for direct Federal support of R. & D. I am afraid I 
am going to pass this mostly back to you, because I believe that it 
# Veally is more^ political proce'ss than it is a scientific^one. ^ 

Generally, I would have to argue for substantive science and en*, 
gineering community influence .on the aggregate size, the'fcomposi- 
tion, the general directions for basic research, including that sup- 
ported by the various mission agencies. I would argue, however, 

ft/the essential ►strength of U.S. science has been the feet that 
ntists themselves, have in general decided what specific' 
xh projects should be .conducted^ by which investigators. And 
second real source of strength has been the multiplicity of our 
support agencies. Bilt that, multiplicity js decreasing. 

The second priority is on development projects and of course is 
far rnoi:e clearly a political task. Advice, can be given I would hope, 
"from scientists and engineers on feasibility and aU^natives, but 
nonetheless, development priorities are a political task. 

And I will emphasize that priorities, both private and public, 
change very rapidly, and they shoufd, in response to changing na- 
tional and international pressures. But what should not change^ at 
least anything as rapidly, are'the criteria which ^underlie these pri- 
ority decisions. What are we trying to achieve, and why? And I 
yvould urge that we devote ^ore time than we have in the^^t to 
considering these criteHa' to arriving at ^ consensus concerning 
them In my wrjjtten. testimony I hav.e given some backgrottnd in- 
formatioiT on an exercise in my bwh field of phyi^ics a number of 

years ago which might be in partullustrative. ' 
» * 

-Of 
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But, let me conclude this pai^t of my testimony by commenting 
that if there is a peculiar genius to the American political system, 
it is rooted in how you, Mr. Chairman, and your colleagues in tli^ 
Congress and the occupant of the White House must, finally come 
to grips with acceptable compromises on priorities. "^Ve scientists ^ 

• can offer advice to the President and to you, but we must acknowl- ' 
edge how the decisions are ultimately made. 

^ BOSSIBLE DAMAGE TO U.S.' SCIENCE AND TECHNOLOGY 

• - e , 

Another question that you asked me was that concernmg possi- 
ble damage to U.S, science and technology capabilities frpm actual 
reductions in support levels.^ * , ^ 

It is m>j)ortant Jto emphasize that some reductions .were in plans 
and expectations. 

For example in the Carter budg^t,^some areas were slated for 
rather gemerous increases. These increases have been cAt back in 
many instanqes. In many .other cases we are faced with actual re>^ 
ductions in the programs involved. I am submitting fot the record' 
the most current analyses of actual budget levels and changes- fpr 
R. & D. This is an AAAS report entitled, '"Congressional Action 
R. & D. in the 1982 Budget," released a few weeks ago. It shows 
tteivds since 1980, Briefly, tjiey can be summarized. 

Defense research and.' development has increased 22 percent in 
consjint dollars since 1980 while nondefense research and develop- 
meivTRas decreased by 16 percent. Overall, the conclusidnv can be 
simply stated: Exqept for defense R. & D. with two very minor ex* 
ceptions, all agencies of the U*S. Government will experience an ' 
actual, that is constant dollar, j-educt ion in total' of R.,& D. funding 

* from fiscal year 1980 to fiscal year 1981. 

' And you ask what has been the damage? What damage would 
result if further reductions were made in the Presiderit's fiscal year 
1983 budget,, or by the Congress? • 

To take the second question first, I should emphasize X)f course 
that we don*t yet know what the President's fiscal 1983 budget .will 
^ be. If there are further reductions the darhage will of course 
depend on where the cuts have been riiade and haw deep they are.' 
• **With respect to the first question, What has be^en the damage? I 
should like \p respond in two ways. First, I want tojjouch on sever- 
al broad, general aspects. Then, I want to focus on a number of 
very specific issues that concern me particularly. 
Among the general concerns* are th6se: A number of fieWs of sci- 
^ence and technology in the United States, fields essentially invent- 
,^d and developed to healthy maturity in this country, my owji 
among them, are now at critical junctures. We have arrived at this 
condition after more thaii a decade of roughly level dollar funding, 
(iurtng which time we have tightened our beltg, mortgaged our fur 
tures and. of ten. foregone high-risk studies. Relatively modest in\ 
creases in investments would maintain U.S. activity at world frpn; ' 
* . tiers; failure to make'these investipenjs now will drop U.S. activi- 
ties^ back from the frontiers to positions from which it may take us 
years and major expenditures to recover. 
It bears emphasis that^ since World War II, primacy in all scien- 
— tific fields has been a cornerstone of U.S. science policy. Yet, as L 
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have notefl above, and as acknowledged by Dr.^Keyv^orth on a ^ 
number of recent occasions, we are in the midst of changing this 
policy of primagy. It may well Ue, Mr. Chairman, that you and the 
administration, taking all thihgs into consideration, will conclude 
that we have no realistic alternative to this in some cases *But, if 
this is the case, our retreat from the frontiers sfiiould be as a conse- 
quence of careful deliberation and decision, rather than some inad- 
vertence or d§faul£. ^ ^ ' . " 

And I am concerned, too, abbiit some. comparative perspectives. I 
» don*t intend to present a complete analysis: I do present more in 

my, formal testimony, but here are a few key concerns. * • 
\ Compared tojapan and West Germany, relatively we invest far 

. less of our resources in civilian H. & D. directly oriented toward 
economic and social needs as well as the search for npw knowledge. 
Ope reason for this*1s obvious. Their expenditures for, defense 
^ B & D are minimal. Ours ariK)untHo more than 50 percent of our 
■ total expenditures and are growing. World military expenditure^ 
are now at a level of $550 billion per year, increasing at more than • 
$50 million per day. We are carrying ajarge proportion of the de- 
fense lo^ tor the Western World. - ,^ 

Another* matter of sobfstantial concern' is the fact that* invest- 
^ ment by U S, industry in research measured as a percentage of 
U S- industrial sale^ has cfecreased by one-third between 1968 and . 
1980 And indeed, in summary, we are currently in this country m- 
vesting^ a smaller fraction of our resources in our future than at' 
any time since the -mid-1950*s.' This I would submit to a^ou is a 
source of serious concern. - ^ 

Without attempting to minimize the seriousness x)f other im- 
pacts, I wantjo mention the following as ones of special Concern to 
me I have* been privileged to testify before you on earlier occa- 
sions, sir, on some of these. 

^ The first is international science activities. At a time when we 
s^jiould be participating even more extensively in the international 
scientific world, unhappily, just the opposite seems to be happen-^ 
ing Wh^n we are dropping back consciously from preeminence in"* 
\ / inj^ernational , science and technology it surely \^ not. the time to 
slam shut our wind6w on the world. And a very spedal -facet of the 
international scene is our set ^of ties with the developing world. 
Very special opportunties and problems arise here. They see^qi- 
ence and technology as a means of achieving economic and social 
- programs^ It would sgem to me thf^t it ^would be a major mistake 
; ^ for us to forego these opportunities. 

i And much time and effort, Mr. Chairman, has been devoted by 
your committee* by many other groups in this country to tTie topic 
of scieace and engineering education. But I cannot pass by it. Brief- 
ly, let me summarize my corfoern^ this way. Imaginative, (Creative 
people in k broad \'ariet> of scientific and engineering fields are es- 
% sential in this country. But we have a very troubling and growing 
shortage of the right kind of people. * ^ 

(• An adequate fiow of tho best young people into science and engi- 
neering enterprises must be maintained. But in too man>' areas 4he 
fiow is ominously inadequate and decreasing. 
, In the latest National Research Council 'study on science and 
^ mathematics shows what can only be characterized as a dreadful 

ERIC T"^ 



. ' ?92 r ''i'> , . 

biate of aff airb. 7hure are limited offerings, few talcers, and far less 
science and>mHthematics* fn our schools than in those of (S^ther 
Countries. To continue, there are shortages of supplied and equip- 
ment for laboratory work, a very high level of drop-outs and illiter- 
acy, decreasing SAT scores, and the litany goes on. 

As I have emphasized elsewhere, we rea^y are eating our seed 
corn, our high school science and mathematics teachers, as well hs 
university faculty. A recent survey of the National Science Teach- 
ers Association also shows what can only be classified as a stun* 
ning drop in the number of those preparing to teach science and 
mathematics, more than 75 percent in the last 10 years, and an 
even worse drop in the number having trained for this work who 
have decided not to enter. TJiat again is oveY 75 percent. 

The private sector, happily, is already taking important and wel- 
come remedial steps. They are not going to be enough. I would 
submit to you, sir, that there is an important role for the Federal 
Government, still, in science education. * - - ■ 

Now I have to emphasize the fact that we are doing a. miserable 
job of attracting women and minority grouD membars into math- 
ematics, science, and engineering. And this r?}!)resenw a talent lost 
that we simply can ill-afford. 

But in the face of these raiber dreadful statistics I am riot calling 
for crash remedial prdgrams. We need,' instead, 'it seems to me, in- 
tensive examination of policies and Federal! support o.f science edu- 
cation in the context of private sector and local roles. 

Much that NSF did in the past with >our4jelp was good. And we 
should build on it. An important aspect of tHe whole science educa- 
tion area concerns public literacy in science and technology It re- 
quires extensive attention on the p^rt of all of us. 

Instrumentation and facilities represent an area that we have 
talked about before. I would emphasize again, we must have 
modern ^competitive science and engineering facilities both for 
teaching and for research- v 

But in many areas and in many places throughout our country, 
our facIHties are obsolete anj^ noncompetitive. Even at high school 
level, in the areas of physical -science and engineering, laboratory 
. exposure is of critical importance. We are in terrible shape. 

Within the last few years, shortage of equipment has dropped 
laboratory exposure in U.S. high schools by a fa:ctor of two. This is 
a situation we simply cannot tolerate. 

If anything, the instrumentation situation in the American col- 
lege and university world is.even worse than in the high schools. In 
field after field, supposedly representing high technology frontiers, 
we are educating students with instrumentation frequently 20 and 
more years (514, of another age, another generation. The instrumen- 
tation problem is serious in all physical science, but it is particular- 
ly serious in engineering. 

And one of the areas of particular concern during the {)ast year 
has been that of social and behavioral science. It has been of great 
importance during the last year that humanists and natural scien- 
tists throughout the country have been willing to speak up in de- 
fense of the social scientists. 

There have been unprecedented and precipitous cuts in funding 
Ml vital areas of these fields. I would hope the anguments that have 



297 




been advanced agaiubt the^e cutb will have some weight, and that 
the fiscal 1983 budget picture will be brighter. 

But,. I would submit to you that there is a unity to science that 
we will destr(5> of let pefish only at substantial peril to the Nation. 

IMPACT OF UNCERTAINTY 4ND INSTABILITY 

You also asked me, sir, \v hat the impact would be on the scientif- 
ic and technical communitiet? of uncertainty in budget revisions, 
and stability in the R. & X). planning and budget process. With 
your permission I. would like to combine these questions in my 
answer. 

First of all, I think it is terribly important for us to recognize im- 
ptediately the faot that science and technology are inevitably 
shaped by the societies in* which they are embedded. To expect im- 
munity from the forces and influences, particularly political ones, 
at work in the society is not-realistic. We are not sliggpsting that 
science 'jand techjiology should ^t>e immune from these changes. 
Also,^ I would have to say that Presidents have a long history of 
changing their predecessor s budgets, and even their own. 

But,. having said that, let me emphasize that I certainly don't 
like uncertainty. I want to nrake some re'marks about uncertainty 
and about variability in support of scientific research. 

M6st important of all is the fact that productive research groups 
are extraordinarily fragile entities. Once they are disbanded they 
can never be put back together again. 

There is aiways, therefore, strong tendency in times of biidget 
stringency to try to protect the group without too much reference 
to what the loh'g-term costs of that protection might be. What are 
some of theS^ costs One of the early casualties in the protection 
s>stem is usually foi-egoing development of new instrumentation, 
new devices, neW techjiiques, and net doing the. high-risk studies,* 
with great potential importance but low success probability. Both 
of thesi&^Cut deeply into the future of our science and into our effec- 
tiveness. - ^ 

Other'consequenpes are that uncertainty leads to short time hori- 
zons, limited expectations, a tendency to hunker down and hope 
that it will pass, afid a joss of enthusiasm^ 

Over any extended period, extensive^ uncertainty is inimical to 
the very fabric, and structure of research, and it strikes in the 
deadliest fafehion against pur Investment in our long-range Future. 

IWost 01 all, the damage occurs in areas of human resources. 
already, as I Ha^e noted, face serious shortages in many areas. Un- 
certainty in research fields leads to loss of the best people in many 
Otf those areas. 

Fields of science that have g-rown rapidly in the recent past can 
mqre readily accommodate leveling or even declines for a short 
time But if I cah take physical science and mathematics, the areas 
with ^vhich I happen to be rnost familiar, as examples, after more 
thar> a decade of essentially level funding when inflation has taken 
a heavy toll in our ability^o do research and tg train new scholars, 
I have to tell you that a weeding process ^as already taken place. 
Further reduction^ are^'not f) running away the less than excellent by 
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ciixy meaMire. Thvy are cutting int?o our national excellence itself 
We will pay a heavy price lov this in our future. 

Let me deal with the last facet of stability and change. Over the 
paijt four decades and more ne have evolved in this country a com- 
plex mix of universit> facilities,^national l^baratories, industrial re- 
search organizations that has served us Very well Some, of course, 
have more effective internal renewal ^chanisms than others 
The> are more able to respond to changmg mission objectives and 
pubhc expectations. I believe that, lacking adequate renewal and 
redirection mechanisms, some areas of our national research capac- 
ity are now seriously underutilized, at a time when we are very 
much in need of more and better research. 

We have never felt it necessary to rationalize our present mix of 
mbtitutions. They grew in response to local and immediate needs ' 
But when our resources are in critical' supply, with nevv and urgent 
demands for new research and new researchers are being made on 
the system, I believe that the time has come for us to undertake 
thib rationalization. I have testified, Mr Chairman, previously to 
you on this matter in the context of the national laboratories And 
finally, let me say again that our goal m\ist be that of supporting 
excellence, wherever we find it. The obverse is that in a time of 
hnrited resources and high competition we mu^t never be satisfied 
with less than excellence. 

In m^^ formal testimony, Mr. Chairman, I touch also on science 
and society, and stresses other than from the budget. I shall not 
testify here in detail on this subject in the interest of time. But, let 
me only say that in working toward better public understanding of 
science and technology,^ it is in)portant for us to keep in mind that 
there is a much deeper* question iYivolved. And that is, can science 
and technology be permitted to go their own way following their 
internal logic, without reference to decisions and to framewprks 
outside of science and technology? I think not. . * 

increasingly, and I have given examples in my. testiihony, the 
public is demanding, to be heard in decisions that even now are en- 
tirely internal to science and technology. It seems to me that this is 
something that w^ in the scientific community, and something that 
you in the political world must recogni^\agd something that we^ 
must pay mui5h more attention to in the fatuFe than we have ever 
done in the past. < ' ^ ^ ^ 

Let me in conclysion, Mr. Chairman, thank you and you?;,^col- 
leagues on the committee, both personally and on behalf of ^e 
AAAS for this opportunity to share with* you a number o^^my con- 
cerns as we attempt to forge a new partnership that will insure the 
most effective growth and use of U.S. science -and technology in a 
time *of budget stress. v - ♦ 

Thank you, Mr. Chairman. ^ 

(The prepared statement of Allan Bromley follows:] 
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SLaLeni(»nt by • • 
^ ^ DR. D. 'ALlAN MOMLEV 

Chairman, liou^rd of Directors * 
Ameracan AssociaLion for the Adv.mcemc:a of Science 

* I. » 

. » Turroduc tion 
(. , ■ ■ ■ 

Thank you for tlic" opportunity to \>e<^-j th you again as you 
continuo yojr scries of l e.irings on "U.S. Scien(.c and^ Teclwiol coy 
Under Budget Sxrjwb," ' • 

, Since the 1983 liudfct has not yet bcnTi submitted to you 
by rhc President, \ will not be able to comment on specific 
budgei numbers. Yet, based on what has happened to the FY 1982 • 
BTulgtt and vai ious other developments I plan to offer a number ' 
of general obsrr^atlDus and recoramendations for your 
cons-i<^era t ion . 

But fir St,* 'let mc cay just ff ^ew wor<!* about tht» American 
•"Assoc^iotion for the Adva\cen.f*nt of Science — or the AAAS as it is 

•coiiynonly know. Oar *m'inbcr ship is pbout 136, OOQ s*-ientists and 
engineers; as- affiliates we have about 283 other jcientit'ic, 
engineer iflg ansi Lochnical societies and, organizations — -with Q 
total- uetnJborshi p of around 5 million, AAAS pub Irishes Ihe 
jpurnal* ScHor.c o and Scienc e 82 , the matter with a circulation 
of^about 750,000. 'fhe Association is also active in a brond 
variety of public policy, science education afio public urtder- 

o standing hf science activities-. - 

I. 

» Overview • • , *, 

Ypu have already, h'^ard much tcstii^ony-faOar t i.iig in Df»C€»nib('r 
1^»81 — and I ha^j read tht various stutetncnts carefully. Vou 
win find that 3n a nuitibcr of basic points T qm in ag^co<inent 
i^ith AdmiiUstrat ion ptvlicy as presented by'Dr, Keywor^h 6qv« 
. I>^cenibK r^.AOth . ^ the same' time^ X would 9|vl bo rc^iponsive to 
"^.y^jurx^request , Mr. Chaixmnn, if.! did net p^l^^ce before yott certain 

eireas wlT9re my views differ from the science* poi icies of the 
.^Keagan Adrnjinistration, aie^they have unfolclcd during the p^i^^ 15' 
tnoj^t'hs, , ' ■ ' 

% ; . . ' ^ 

By way of providing « gOneral overview let me {Summarize a ^ 
number of •my views ^ some of \rfiich l^will expand on latej: ij\ my 
Staten^Ht as I attempt to respond to the -ijuestions you arsked in 
youf Uptter of invitation: 

• We 8t;iXl have, overall, the world's strongest sc5enqG» 
I and technology enterprise, but this strength is now" in 

some jeopardy. 

• This is a time of*rapid change — in th€^ Legislative 
^ • apd Executive* Branches of government, in science and 

t^^cbno'logy '31^^ in^ public expectuti.ons^' \ : * 
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' • We must build a new gubl'^c J&onstitueacy and gxea|er 

understanding for sciencfe and technology. ^'''^ ^ 

• We must uncouple the^ research and development aspects of 
v ^ R&D; and f would advocate that* under almost any l^ational 

scenario, modest real growth in federal suppbr^t of 
long-range research is' an essential investment in our 
/ £uture> • 

» We must rebuild science -and mathematics in the Nation^ s 
schools to foster both, increased public literacy and' thp 
foundations for professional development . 

• Whatever we may eventually d6cide regarding change m 
the mix of our USD institutions, and wlTatever we may 
depide to do in response to current personnel snortages, 

^;e should not embark on crash corrective programs, but 
rather make ch^anges consistent with the time constants 
of the 'systems involved, , 

• We mtist rebuild bridges between the s(^ientific 'and , 
engineering coramunities and the national security and 

' defense entcrpris^, ^ 

o We must rebuild bridges between th^ scientific and 
engineering communities an^ private induiStry and help 
to focus national attention on the international 
marketplace. ^ 

• We must adt , and be perceived ^to be acting, to better 
the quality of life in the Third Worl^, and we .must - 
maintain a major role in the inte^rnational science and , 
technology communities. . ». • "^^^ / . 

» We must face up to the fact that there are areas wherein"^ 
science and technology may appeat to be on a collision 
course^with the democratic process lind address these 
issues openly and intelligently now .^ . 

• Those of us in the scientific and' engineering 
communitiQS must do a better" jpb of working together7- 
^iid with -those of you in thfe'^iSol it i cal world. 
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' j^irr><^r'^^-3t: (Q^V^o^ Testimony 

Vou asked two sets of questions in your invitaticn letter. 
In responding, and wtth your permiRsion, ^fr. Chairman, I plan to 
recast them slightly^ In the following ord«i I will talk about 
the following topics) though my cotnmen£^ do not always divide 
nearly: 



U) Federal role in R&D. 

(2) Setting priorities for direct federal support of p&I). 

(3) Possible damage to U.S. science and technology 
capabil ities^ from actual reduction in support levels. 

(4) Impact on the scier^tific and technical communities of 
of uncertainly and budget revision;;. 

(5) St iibi I i ty ^ in the R&D. planning and budget processes. 



/ 
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V Federal Uole in R &n 

General : As I el&iphasized when I last met with you, ij: 
would be difficult to improve on a statement made by Prk^jident 
Truman to a Joint Session of the Congress on September 6, 19A5, *l, 
only three weeks after V~J Day when he said: 

"Progress in scientific research and development is an 
indispensible condition to the future welfare and securi 
of the Nation. > No nation can maintain a position 
of leader-^hip in the world of today unless it develops to 
the full ts scientific and technological r.esources. No 
government adequately meets its responsibilities unless it 
generously and intelligently supports the work of science 
in university, industry and in its own laboratories." 

The Nation has responded to this challenge. Currently some 
70 billion doil^rs are spent annually, about equally divided 
between federal 'and private, sectors, on research and develop- \ 
ment. This corresponds to about $3]^ per citizen. Basic 
research, of course, accounts for only about $36 per citizen. 
This latter is very probably the wi&e,st i'nvestment that the 
citizen makes, even if few have any direct control over it 9f*, 
indeed, ever think o^ it. ^ ^ 

This linking of R&D has become traditional. However, it is 
essential, if we* are to have informed disaiissions of the issues, 
that tl^ey be separated. The Reagan Administration is moving in 
this direction with its insistence thst the private sector fund 
a larger share s^t development costs for technologies intended 
foV civilian* applications. As this occurs', it is important to 
recognize, and remember, as has been the case for forty years, 
that the principal support of basic research roust remain a ♦ 
public responsibility. i 

Economists ,have repeatedly shown that the private sector 
will not necessarily ajlloaate optimal resources to research in 
all areas that are 'of national interest. There are several 
reasons for this.^ In is widely recognized that the overall 
benefits to the Nation of much, though not al 1 long-range 
research am! development certainly exteed the benefits to the 
organization that paid 'foKit* By it» very nature long-range 
research is risky; in many at-eas of science 'the scale of the 
instrumentatioa requited to reach the frontiers — telescopes, 
, accelerators, phytrons and the like — puts them beyond tl\e scope ^ 
of all but perhaps the very largest private s'fector organiza- 
tions; and current industrial management philosophies in this 
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country, vith their emphasis on ..hort-t^rm evaluation and 
poyoff, mi tibial e agninst si^nific<int industri^^l investment 
in many ireas oi long-term research. Wliatever the problems may * 
be, it reaains ess=;nti^ t)iat R&D be separated and that basic 
research be discussed on its owu merits as an investment in both 
the short hand long- term future of this Nation. ^• 

Because you have asked foj my viev;s, )et me state explicitly 
roy btljef: t^en if ve find ourselves with lesser growth — or even 
rcduc tl'on-- in oor o/e-r^ll R&D investments, for the near term (and 
orphasizing my obviou.s conflict of , interest here), X would be 
less than candid if I did not emphas i-?ic to you in the strongest 
teriTis my cunvictior. Chat we sh,oul d plan for Riodest , fcontinuing 
real growth in our research (R) activ^it.ios , even^t the cost of 
corresponding reductions iw our development (d). This would 
represenf true investment in our national future and the bost 
cost-effective one of vhich I an awar^, 

A numl>er of fields of science and technology,' fields 
e.ssentially invented and developfid to^'^^&aithy maturity in. this 
cournty — roy own among them — are now fit critical junctures. We 
have arrived to this condition affer more than a xlecade of level 
dolLit funding, during which time we hdVe lightened our belts, 
mortgageu our futures, <^nd often fore?cnc* t fie high risk studie.<5. 
Pvtjlatively modest increases in in^cesLmeut? v/oald maintain U.S, 
activity at wor"*cl fron t i ers fr il ure to make these investments 
would drop U.S. activities back £rom the frontiers, to positions'^ 
fro^i which it may take us many years and major expenditures to 
^recover* \ 

- . • ■ •'■ - \ 

It may well be that you, Mr. Chairman, and the^ Adra'inis-* v 
tration, taking all things into consideration, will conclude \ 
that we h^ve no realistic itlternative to this in some cases. 
But if this isn^t the c^se, our retreat from the frontiers 
should be as a consequence" of careful deliberation and decision, 
rather than some inadvertence or default. 

And no contemporary discussion of the ~federq|[ " rof^^ould he 
complete without mention of accountability. !Io responsible 
member of the scientific conmiunity Questions for a moment the 
obligation to account for the support received from the 
taxpayer. But the prCnisa that scientists must beheld to the 
p^ame accounting standards las liourly workers is one th'a.t deserves 
much more attontiou and discussion than it has received thus 
far,. Obviously, accountability is npt a subject neV to you; the . 
pressures in plhc'e in recent y^ars have J.ed to more, and 
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not les^. But we may have rcacj^ed the point where we should 
question more deeply what it: is that we are , frying to achieve 
with incessant demands f6r more control and 'more accountab il i.ty. 

national Security and Defense ; It is impossible to comment 
on the Federal role in F&D without a brief look at ijational 
security and defense*' Indeed, it is of ten' difficult to remember 
that prior^to the r9Krs, and really to World V?ar II, natural 
philosophyV-undcrstanding Chfe universe — ana mastery of nature- 
invention — were almost entirely separate endeavours. With the 
radar and Manhattan projects World War II thi's separation—- 
for better or worse— was go^^Ojcevej^ , However, use of 
.technology for military purposes, "Is nothing new; indeed it 
marked the earliest contact, in our history as a Nation, between' 
the Federal Government and-vthc university community. During the . 
I9th Cent-ury there were nuWrous fruit ful , contacts between the 
military and the^ universi ti-fe's . 

• .Yet, not until VJorld War II did thfe large-scale, sustained 
^bu'i,ld-up in the relationships between defense and the unj.ver~ ♦ 
sities occur. The Nati6n, and science and engineering in * 
particular, o^q art enormous debt to individuals such as Robert 
Dexter C<^nrad.i Emanuel Piore iind other early postwar^ ^ 
administra<:ors' of the Office of Haval Re?.earch for forging a 
pluralistic, and enlightened federal support mechanism for ^ 
research: and development that served us well and that has been 
the envy of- the world, f/ot only did" acadcmia and thp private 
septor benefit" enormously from support of th^eir research 
activities but '^Iso the^ Navy benefijted equ^ally from day-to-day 
confcact with some of the -tJiition's taost able citizens and with ♦ 
some of its brightest young pe6ple. * ^ 

The other Services were somewhat later but they, too, 
developed effective linkages with the research community. In 
the array it was Dwight Eisenhower who urged these linkages; in 
the Air Force it was General Curtis LeMay. Thus it cam^e to pass 
that during the 1950 's the Department of Defense was th,e 
dominant supporter of U»S.- academic research.^ 

When it^was finally established in 1950, after< extended 
and frequently bitter discussion about the extent to which 
scientists themselves should control it, th"e National Science 
F<nirtdation Act or 195£, passed by the Slst Congress on May 10 



of 1950, had as its H^amble the following: 

^ "An act— to promote the progress of Science,' to advance 
the national health, prosperity and wAlfare; to secure 
the national defense; and for 6tVier purpose^." 
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' Clearly, chio enviaions a brond role for science,* 
specifically including national defense. Indeed, Section 3(a)3 
of thfwAct read 'as follovs: * ' 

"(3) At the request of. the Secretary fo Defense, to 
initiate and support specific scientific research^ 
activities in connection with matters relating to the 
national defense by making contracts or other arrangements 
(including grants, loans and other forms of assistance) for 
_.,the conduct of sbch scientific research." 

Subsequently, this section was formally deleted from the 
NSF Act — a stejj in the direction of separating science 
specifically related to defense from questiTons regarding the 
general support of science. 

; , I ' 

This separation continues, and was greatly -accelerated, by 
two cv^cnts in' the 1960*s and early i970's. Evolving inexorably 
during dh6 1960's, U.S. involvement in the Vietnam conflict 
triggered violent* anti-rail itary and, secondarily, anti-- 
t^chnology, sentiments across the Nation, but particularly on 
university and college campuses. The resulting, often dramatic 
separation of the universities and the DOI) hurt both. 

I;i 1969, fallowing hard on this. Congress enao-ted a rider 
the.' Military Authorizajcion Act for fiscal year 1970^ (Public Law 
9—121, Section 203)— the so-called Mansfield Amendment, 
reading as follows: 

"Nope of the funds authorized to be appropriated by this 
Act may be used to carry out any research project or study 
unless such a project or study has a direct or apparent 
■^relationship to a specfic military function or operation." 



306 



302 



Th-? followi:*^; yer.r, the. languii?,e of Section 203 was? 
taoflifii:d in response to genefa) recognition that tlie origiusl 
Mansfield Amvnduent vas^co'ua4<irproductive and Section 204 of 
Public l.-iw read: 

''None of the funds authorized JLo be appropridt.e4, the 
Dctvirtuent of Defence by this or any oth^r apt W be used 
to finance any research project or study. unless such 
project or study has, in the opinion of the Secretary of 
Defease, a. potential relationship to a military function or 
operation," 

7n a follov'-on Section 205, the Congress affirmed the 
necessity for Federal support of baj;ic scientific research, and 
went on record that the tlatj.ooal Science Foundation should 
assume a large share of sy?h support. 

Pa\-;age of the original Amendment vas necessarily followed 
by detailed exam (rtat ion of the research portfolios supported by 
each of the DOD program officers, and- a yery large number of 
very hip,h-qual i ty research projects v;ere deemed not to meet the. 
requirements of thp ^jftendment , as strictly interpreted, and lost 
DOh r>upr<*^t- ^roj^cts totalling 8 million dollars were dropped. 

loUay th'^ie are dif LerfnC*vieus about the legal status of 
the Kaniifield /jT^endrnt^ut ; soiae ar^uc that it is still in effe<^t 
while others argue chat it Wcts repealed . vi th the substitution of 
'Ipotential" foi "direct and .apparent." 

. vniatevpr th^J exact legal status of the .Mansfield Amendment 
may be. a vastly more effective entity, the "ghost Mansfield 
Amendijent," is firmly '.in place and both it ixnd the actual 
oodifie^d Amendment still influence DOD' funding decisions. The 
y^ost" Amendment describes this' situatiot\: program officers, 
, paving been once held responsible for dropping research projects 
^ not- obviously having a "direct or apparent" relationohip to DOD 
missions, as required by the original Amendment, vere reluctant 
to consider, il not pdamantly opposed to, rebuilding programs in 
such areas. This attitude persisted despite the i;\od if icat ion of 
the Amendment and quitq concrete and repeated pronouncements by 
higbe^ officials in the DOD in one Administration after the 
Qthor— to the effect that DOD was back in the business of 
Qupportin^ lon>rtcrm ba:>ic research, was interested " in - ; 
rebuilding bridges to aca^emia, and the like. The program 
officer reaction' was a quite understandable one. 
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But the 4^^^ Co rebuild tKese bridges is long overdue. In 
a democratic ^ciety, "such as olirjt, .i~tr is/osseqrtial that those 
respor^ible f<^ "national security 'and defense neither be, nor 
feeljfcut off ^jpr isolated from the general socxity. And at a 
time when the ipOD R,p;T^5^ budget has been increased by more than 
6 'billion dollars— by 47^" since> 1930— and whtin it is experi- 
encing aa urgent need for manpower able to cope with, ever more 
sophisticated v/eap&ns systems, it is essential for both the 
universities and the DOD that they establish new relaeionships 
and imeractions. It will require goodwill and flexibility on 
both sides. 

All too frequently, discussion (U DOD manpower needs focuses 
on research and engineering personnel. While serious shortages * 
exist in these areas, an equally critical question is whether wfe . 
can produce high-school gr/dbates with sufficient background and' 
^jiieivtific and technical literacy^^so that they Are trainable in 
the niH»:ary services i:o mqintain an<J .operate the complex- 
weapons and comnr.uni captions 'systems now in place and on the 
drawing boards. ^It is ^time that |)0D. accepted^ part bf the 
responsibility for strengthening sced^dary school' education . 

Vor decades the mifi tany. serviccs;:Jiaye provided personnel ^ 
and equiptrent foi: ROTC programs in botK:high schools and * 
colleges. Perhaps thcrc^ is a comparable jwy in whidh the ^ 
services could provide scientific" equipment , and scientifically 
trained personnel to supplement existing capabilities in at 
least selected secondary school systems. 

As I view the federal role in regard to science' and 
national security I see the need for close and enduring 
relationships between scientists and engineer's and those in ' 
the miTitary forces. Yet. we must recognize inherent tension in 
these relationships: national security often calls for secrecy; 
science almost always calls for open communication. Devising 
the approp^ritte balances is surely one of the most vexving — and 
challenging— questions in an open society such as ours. Hyper- 
anxiety on the/ part of government officials, ijind tha't of - . < 
scientists, mus^t be avoided lest we fall into', twin idiocies: 
attempting to hidie all Unowledga on the one hand— or eliminating 
research of importance 6t natioiial security from the u^^versit^ 
world, as we attempted to do in/ the late 1960^s and eai?ly 1970's 
on the other. W 

Private Sector Relationships ;.. Ilie federal role in R&D must 
alsfo be seen in the context of private sector roles; they must 
be viewed as^ interconnected. Prior to World War II, support 
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from the private sect'or played a dominant role^ m academic 
research and it> research generally. With gener^ous postwar 
federal' support flowing'from scierttific^ and technological 
•triumphs during the war years, however, the private sector 
support for academic research dwindled in visibility and 
perceived/ importance. ^ 



Galloping academic arrogance also contributed to tlW 
dcsiruction of the bridges between academia ^nd the'^N^j^^te 
sector. All rtoo qften these bridges were replaced with mutual 
ignorapce and suspicion. 

V ... 

The rebuil<Iing 5)rocess- is long overdue and, happily, is m 
progress. In pare, this, reflects the private sector^s 
recognition of its desp<<rate need for bri'ght. young people and 
for new and better technologies if it is to remain competitive 
in the intcrnation Al marketplace. In part,- it also reflects 
academia' s belated recognition that it needs both financial \ 
support and real-world input for it6 research and teaching 
activities as well as career opportunities for its graduatej^. 

Wl\ile the emphasis has largely been on the first and last, 
X believe that the real world input is of greatest importance. 
Only tbr*ough interaction can the stereotypes be destroyed. I 
believe, for exnmple, that over the years the ^C9ntent of our 
college £«nd uiUversity educational programs has remained ofxbigh 
quality but the attitudes that have been inculcated have 
frequently been very questionable. Much of an entire generation 
of graduate students in science gained the impression that ^ 
first-clasf citizenship implied replication of ones professor s 
laboratory and program with all speed, while second— or perhaps 
third class— citizenship was the best one could hope for m nny 
industrial milieu. Such attitudes carry low sufviva) potential 
in today's world- « 

»U.S. industry has been relatively slow in coming to grips 
with the international marketpl ace^ after decades of easy 
dominance of both national- and inte^rtational scenes.' All too • 
frequently the entire focus has been pn national needs and 
opportunities i the federal-private sector interface still 
largely relects this myopib. While foreign governments aid, 
abet and even organize' cartels so that- Lhcir industri'es can 
compete moro effectively (usually with us) on the world market, 
our Justice Department, until, recently, has worked at at 
breaking up entities like IBM and the Bell System that are 
large fenough to support the level of K&D that makes them highly 
competitive> internationally. ^ 
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^ During tb^ 1977 AAAS H6D Policy eollo(,uiom, severol 
speakers reported rhat technological advance, phe growth of 
knowledge, has beo i s<*cond only to the Knhor supply increase as- 
a Majot st)urCG of I'.S. economic growth, over both the shdr'l and 
the lon^ term since J929. At this-same coUoguium Vi lliam 
Nordhaus, then 4 mctibcr of the Council of Economic Act>/3scrs, 
told us l,hat v\o:X, oconomic anolysLs.uerc, convinced that "Tlie ' / 
role of resbarcr z.\A developmenl in -recfinologicnl change in the 
econo'^y is partTnou'il . ^ . s 

,I< then a matter of concern to fine! that the .^^'tion 6i 
.scientists and en^.ineprs in the U.S. labor force has declined' 
steadily since 1965, vtile in this s?i<^e peiiod Ihe, fraction has 
doubled in both Z.\\>9\\ and Germany. I would <2rgue>that such 
rrends, at least, partially explain national prpductivity 
results of the past ten to fifteen yoars. ' - " 

* . - 0 

Between 1961 and 1978 the minuqf productivity gain in 
manuf at tur ing nverag'ed more than 9% in Japan, 5% in Gernany aad 
3X iti this cp»ntrv. TbLal U.S. private sector produdtivity ba^^' 
actually,decUnod *in recent years. More graphically, the ^ 
, Japanese ou^produce us by a factor of 15 when making uj^torcycJ^s 
and r^fjctot of 2 when :naking either steel or pianos. And 
their qv,alUy ij ^'rcquently suf>erior to ouis. 

There are mnv facets to thQ productivity question— dlpi t^l 
investrent, man 35 e-aen t , human resources and research and 
devolopnenC to -ijpe onfy foua'. In Capital investment per*/ 
capiea, in 1963 v;o ranke4 first in the world; by 1975^we had * 
sUpped to sixth place behind Norway, Canada, Sweden, ^ 
Switzerland and France. More recently, Europeans have been 
increaoing theij per cipital investment in industrial plant and; 
equipment by 4% per year, Japanese and Koreans report 10|, per 
year while our corresponding number is 2%. 

WiHian J. Abernathy, of Harvard, has also Sugge^sLed th^t 
we ha^;re educated a generation of JfBA industrial managers tfi \ 
^believe that in order to remain on the "fast-track" they must 
cha|\ge corpora ricins every 3-A yeais and that any investment with 
a longer payoff will inevitably benefit their successors rather ^ 
than themselves. This is not conducive to the strong Sup^or^^of'' 
long range industrial R&D or signif^ant prodi^c^^^vity increases. 

In July 1981 the AAAS sponsored— together witF tfte- Rouse 
Task .Force on Ind^ustrlal Innovation and PrO^iictiv ity and the 
Committe on Sc ieftce^ iiid Techonolgy— a Congressional seminar on 
the human resourcxj. facets ^ of productivity. Research .ro'su Its 
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p'^c^tjnted to the Congress in ihls seminar, and ir^^^^ub sequent 
hearings, pointt-d to Lbc nerd for proatcr atlentiou on the 
"people" part of prodiict ivi ty . H^nry Ford II has also nolcd 
that the largosc untapped ^potential for improvcmcr^ in . 
iiidusirial productivity in this country is the American worker. 

All of thQ;>c questions bear close study.. But indxistry has 
already reCognj^zcd that itt> future depends critically on more 
and bt^^ttev science and engineering. Hie partnership amoni; ^ 
univorsit ies , ^iudu-^t rv and the Tederal Government that is 
e<>scutial to ecbn'oniic growth and irrproved "internt lonal compc* 
titive posture it> now under construction. The soundness of that 
construction and Its success should be matters of deep concern^ 
to (jvery citizen. 
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* S5?t tinp: Priorities for Direct* Fe der al Support of R&l) 

Your lortGr asRed for trV perspective on how to set 
priorities for direct Federal 'sup>i?rt of R&D, I thiilk that 
mostly I aril going to pass this pne b<ick to you; essentially, 
this is a political^ pi-ocess rather thnq- a scientific one. Yet,. 
I do not wish to appear non-responsive.. « . 

As a gencr.llizaLjon^ I would ars^uo for substantive science 
and ougiilecring community influence on Che , aggregate .size , 
composition, and general directions for- basi^ rcsearch~-including 
, that supported by the various mission agencies. -Moreover, I 
would aUo arguu that an esr,eiitial strenj^th bi U.S*. 'jQier.co has 
been thit scientists themselves have primarily decided what 
^pecitic research projjecLs should be supported by which, 
investigators. * 

It is sometimes 'said that scientists have no mechanisms for 
sotting priorities; this, of course, 'C/rong because each 
scientist wakes numexous d7cisions concerning how best to sp€»nd 
his time and rosoufctvs over the weeKs and months- ahead , TheSe 
are immediate priori ty. dec isions ; o'ther dec i sions 'about 1 ines of 
inquiry, opportunities, and emerging fields tend to be* lonp:er- 
tena priority decisions. But th.ere I'ff'-.^a- very important 'point * 
.bere> priorities, no matter^ how carefully drawn or developed, 
can change alqiost insb^jutly. Tn our own ';personal lives, 
priorities change rac}Li:al ly . So' also do mstiortal priorities in 
response to changing national arid ^"nternational pressures. 

But^what sb<5uld na^chtingerit-f^ proivorly 'developed, are the 
criteria upon which .priorities should be based. I believe that 
we should devoce much gi'e'oter emphasis than we do to development 
of a pationa* consensus as 60 what our* criteria should be, F6r 
areas of science and technology, we should examine .what aVc we 
trying to accomplish and why. Only with bas ic.'cr iteria in hand, 
do I believe that our priority decisions, will be iftfornted, useful* 
ajid' effective. "* ^ 

' Roughly ten years ago, I had the priv^ilcge of chairing the^ 
National Academy of Sciences' Fhysi<?s survey, dne ,9f the most 
ambitious studies in tjie field of science ever undertaken. 
During the study we devoted substantial efforts to the develop- 
nibnt of criteria for the selection of areas of our science for' 
preferential emphasis and support. Obviously, the questions 
become more difficult as we move beyond the boundaries of a 
single science. But as an illustration of criteria development, 
I include the physics criteria established in the study as an 
appendix to,my testimony. 
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Foi- large tochnolog ical projects, prioritiof. mu<;l bo sot b>^ 
politicians in the context of national objectives. More, tho 
roles of scientists and engineers should clearly and dxstmctly 
deal wjth advice on such matters as feasibility, alternatives, 
risk assessment, and potential pay off. 

[ But the world seldom presents clenr choices— and, if there 
i<; a peculiar genius to the American political >system, it is 
rooted iu how you in the Congress and the occupant of the White 
House must finally come to grips with epiceptable compromises on 
priorities. Wc scientists can offer advice to the Prcsiden^^^and 
to you, but we must acknowledge how the dcci.s>^s^ra ummatcly 
made. * 

Sometimes, scientists and engineers are "like babes in the 
woods" wlveu it comes to thi& complicated decision process, I 
was very much strucV. with the advice that one of. your former 
colleagues gave in remarks at the 1980 AAAS R&D Policy " 
Colloquium\ Bob Glamo, then Chairman of the Budget Committee, 
-said this in a remarkably candid and illuminating .talk: 

•"rou have to fight harder ,fpr your own PS^ because yo\l 
now competing with other peopl^e in the United Stat;cs who 
are fighting unusually hard for thier programr.. If they 
win you are going to lose— and vice versa, This is a new ^ 
phenomenon in Washington, • . 

"You have to work doubly hard because, while I understand 
the importance of R&D, I can tell you that you'are competing 
with school lunch subsidies, and postal services and socmI 
security pensions and with twice a year cost of living 
ddjustmencs as opposed to once. , And while you may have a , 
pretty good lobby and whil<f I know that you are articulate, 
you don^t have the numbers that some of the others do and 
you. don* t scream and raise hell as well as they do. 
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Possib lf' n^muisy^ J.^^i-Jl- ^c.^ ^nc c a i^d Technolo gy 
CaT)3)> i ^ itios Kr^T> Ac tiu] Rod nc t i ons in Sap^o kl I.w^vl s 

^ ^ ; l^j^^ ^ — 

4 Another question you dsVod me to discuss was thq pdssiblc? 
^damage to U.S. scicico and tcvhnology^pc'ibilities frou T^tual 
reductions in "support levcis. * ' 

Wo a)l know lhat in the pyt year there have bcqn wany 
sub«itantinl roducticy\s in fech^ral suPpoi^'t for le^earcl- and 
dovt ] Dpiaent . Sotic of the red uc[ ions wt:ro primarily reductions in 
plp-ns anJ expec tat icns for new;"prograus which would have required 
substprtial funding inciSea&es, Mary of tho rc-ductions in 
Pr^sldei t Carter's TY 1982'braaet injdc by ?resid<?nc r.i^^an lajt 
March cic ir, this category, 6thGr reductions actually forced 
major project cancellations oncl majpr changOo^ia plat.i>. 

The mo^^up^'-to-df-te survey of/the* actual changes in, ^-Midget 
levfXs for K^iP is in th-e AAAS report "Congression.\l Action on P6J> 
, » in Iho FY l^C: liudj'et," prepared at rhe end of Decen^bor and 

rolei?sed early in* Jr^nuary . This icport est imates. the following 
trends m fedori I support of Ki^D from FY 1980, the last year fov 
which firm figures^are available, jto FY «198i2: ^ 

o. Total rjn-f'ei^njv '(&D is aloul level, in current dollar^5, 
. but is co^v-^ 16/^ in constant dollar's. 

« Total defen^^e R&C is up 45^ in current dollars and 22^' in 
' . constant dollars. 

• Total basic research ^is up 13%^ in current dollars but 
» ' down 5% in coubt-nf, dollars ("^iTi spite of a 6^.6% real 
^ increase in defense basic research). 

^ Tables 3 and S of t!:e report, which I will submit for 

the record, give* the doL«ils of thesQ trends by federal agency; 
further details are given in the report itself. The conclusion 
-can be simply stalec!: except for defense R^T) (and one m^nor 
other exception) all agencies of the government will experience 
^ "aiLactual (i.e. convStant dollars), reduction in total of R&D 
\/^^funding (rom FY 1980 10^ fY 19S2. 

What has been the dama&e? What damage wo^ild result \f 
fwrthet reduction}? .ire made, in the President's f*Y ,1933 bndg-pt or 
by Congress? . • ^ ' * 

To Uke the second question first, I should emphasize that 
we do not yet ?:no^.wliat the President's FY 1983 budget recom- 
mendations will be. If there are further actual reductions, 'the 
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damage will of courn- depend on where thc^ cutr, oav- hi?en made 
and now detV tboy are. We will lenrn more about this during, the 
next fev/ weeks as wc begin our work on analyzing the budget. 

- V:irh respect to the fi^'st question, "v/hat has been etie 
damagi-," \ should respond on two levels. Let me begin by 
focusing on ^rtain general ^qucsti ons . Later in my testimony X , 
shall return Lo Che question of specific damage eo science, with 
particular reference to Che effect of long periods of essentially 
con&tant dollar funding in and inflationary onvironmqnt. I 
shall, first focuK on the impact ,of the FY 1982 budget reduc- 
tions. Without minimizing the seriousness of other iinpacts I 
want to Tiention the follov/ing areas of difficulty as of spccu^l 
importance and as ones which \ shall discuss later in my 
testimony: ^ 

• Science and engineering education ^ 

f ' I ^ . , , 

• Instrumefication artd facilities , 

» Areas of social and behavioral science 

• . Irtterni^rioi^al science activities 

In any ^uch di scu5<; ions , however, it bears e^nphasis tl.at the 
Congress hSs appropr iated^ a lot of money for P&D— $40 billion for 
FY 19B2. I'he rmmborc he^re are large. William D. Car^-^y, 
Ex'^dxjtive Officer, of kbJ^^\ has ^stiuiatod that over the decade of 
the eight^ies, government and industry in this country will spend 
about one trillion dollars on research and develop;nerit . 
However, suppbrt i>umbers in the billions and even trillions of 
dollars cannot be examined in isolation ami, indeed, can be 
misleading. The sheer size of the U.S. economy results in 
larger R&D expenditures than those of other countries; it is in 
comparative»43erspeccives that the ser'ious concerns arise. Also, 
in certain sectors of R&D and irt some special areas there are 
* problems' wiiich should cause us to be disturbed — if not alarmed. 
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< Sutcmary of Inunediatei Budget Outlook 

We are likely to see a total iR&D amount for FY 1983 in the 
range of $43-44 billion-^ith the |largest increase being in the 
defense category. The slight decline in non-'defense R&D 
(current dollars) between FY 1980 land FY 1982 is pot likely to 
be significantly offset by FY 1983, increases. Short of a major 
confrontation between Congress and' the Hea^an Administration,'" 
these trends are likely to continue for the next 2-3 years. 

i 

In following sections I discuss a number of policy issues 
tht go beyond budget numbers — and outline for you some of the 
areas whC]pG I am especially concerned. 

Compargtive Perspectives . I don^t ptetend Co provide you 
with -^ extensive comparative analysis, but here some 
factors that We should look at: ! , - 

I 

• Compared to Japan and West Germany, relatively we invest 
far less of our resources ih civilian R&D which is 
di^rectly oriented toward economic and social needs* 

as well as to the search for nev/ knowledge. One* reason 
is rather obvious, -In recent years Japan has ^allocated 
only 2X*of its governmentaVtR&D exper.d itu^^es for 

. national security and defeasje. West Cermany about 12% 
and France 302:; we have beerl invest ii^g about 50% of our 
RiD funds in this^ Sector an(( this fraction'' is growing. 
World military expenditures tiow.are at the^ level of 550 

. billion dollars annually andj this is growing at a rate 
of more than 50 million dolll^rs per day. We are 
carrying much of the defense' Jload for the western world. 

• Our total expenditutefi on R&D, cpnsidered as 'a 

♦ percentage of our Gross National * Product, have been 
declining steadily since the»lmiddle 1960's — from 2.97% 
in 1964 to' 2.27X currently; we may have the first slight 
up\^ard< trend in 3981. In coritrast, the Japa.nese ' 
petcentage in this same pcridd has risen from 1.48 to 
1.93Z and the West German percentage from 1.57 to* 2.36% 
—now above ours, * 

• Investment by U.S. industry i^tt^ research, as 4 percentage 
^ of U.S. industrial sales, has [ decreased by ^ane- third 

, between 1968«id 1980. • | * ^ 

J 

• Indeed, we are currently investing ^ smalliar fraction of 
our resources in our future than at any time since thcr 
midrl950's., ' J^uji^roust J^e a source of serious concern^ 
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M.ijpr Policy Is /itVJ: U'h at Kjn<i o f l?.<>adf'rsh ip . One of the 
tough,?*Jt issues' befor.' you L. *'\;hut Kind of Leadership Role Does 
the U.S. Intend to MnlnUiin?" 

Following world Mar II, in nlnost every «nrea of scientific 
research and development, U.S. activity established the Cramo- 
worU and set the pace for voi'ld activity. Pre-f ni^acncc in all ' 
fieldt, vas botj) an explicit and )ppl icit cornerstone of our 
national nr>t rc arh to science and tc chViol:^,y. 

In talking aobut comparative perspcc ti^'e/'.-^in a different 
way, it wc»s, perhaps inevitable that -our pro- om:n?nce halJ 
changed in one are^ after another of niudcii\ LficPiCe, in particle 
and nuclear physics in k'es tCTivEuxope , in c^.^iiiiter science in 
Japan, in applied Uathematics in the Soviec Union, for e:^ainple. 
Other countries,^ by fqciising their resources, have mounted 
salients in "these and fields that are equal to, if not indeed 
ahead of, ours, although a^ X have erjphasi.u'd above, we still 
have a connaanding overall lead. 

^• 

The Keagan Admin istratioti is the first to explicitly 
recog'nize this changed stVuik'ion. In his reraarkj? in the • 
,AAAS R&D GoUoqniura, and in similai '^ords presented to you in. 
' testimony la^ beSember 10th, Goorfc reyt>;orth said: 

''Undoubtedly, pur country has relinquished it^ pre-eminence 
in soxoe scientific fields, while others are stror.gly^ 
^ threatened through efforts in Kurope , Japan or the Soviet 
Union. It is no longer .within our econo'tjic capability, 
nor perhap? even desirable, to\aspire to primacy ncroas 
the spectrtin of scientific disciplines. 'The contraints» of 
^ reality require discritninati>,n and vision, attainable only 
through a collaboration of the government and tbe 
scientific and engineering .coimnunites . It is sinsply 
unreasonable for us to expect. to be best in everything." 

As we engage in the debate on this major policy change , a 
number of consideration^ arise which are disc.yssed in sub.sequent 
sections^ . ' 

Policy Implemcn tcitian. Shall, we consciously yield in 
certain fields or sub-fields oJE science? What new, if any, 
mecfianisms shall be employed to make suc'h decisions? We need, 
I would argue, to -think ythrough the implications of this explicit 
policy— given the strong likeLihood that economic factors will 
force its further implementation. 
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Int ernationn l S cience ond Technology , Proceeding with such 
a policy calls, /apF~thc nore, for .full U.S. particip/ition hi the 
international sMe»\tific and technological community— -one which « 
is perhaps the ou! y coaimunity that fully transcends political 
boundaries and one in which we have playeji a major role since 
"World War' II. Shpring and international exchanges will be ev,cn 
more essential than they hr.vo been in the past. ^ 

♦ * 

Unhappily, just the opposite, seeius to be fejppcning. Current 
budgetary linitatior.s have i»li eadv forced likely cancellation of . 
such' international projects as the" U.S. F,uropean International 
Solar Polar space miscior.— 1.> the consternatior* of our Europ^.an 
colleagues. Similar limitations on I^SF budgets for in tejr national 
activities will require sharp curtaUwent ^f our participation 
in such bodies as the International Council of Scientific Unions 
and ip TQember disciplip.ary unions. And the viev^s Rom the i 
*' Defense Dapart^ient would suggest strong pressures to reduce 
drastically intetnational exchanges. It would seem that when we 
are falling back from pro-enihcncc in international science .nnd 
technology, it'is surely not rho tii.e to slsra shut our window?.- 
on the world] , - , ^ 

Another dimension of *Jie' ceinplr^7r~M4x.ti»j:e of coop«*r?rion and _ 
competition oiit the internatiuuat s*.ene deals with publ ic-- private * 
sector connections. We hav*6 never attempted tc focus or joinfly 
plan governmental and private sector science and technology 
wajfs 'that are commonplace, thi-oughout the developed world. VJe i 
have never felt a need for such planning, but as we reexamine 
OU5 ch^^iged^role in the international econorr.y/ total laissez- ^ 
,faii^e^ay be a luxury we can no longer afford. The role of 
MITI, the Ministry of In t>er national Ttade and Industry, in 
orchestrating^,<lTt" Japanese national ^nd internationaractivities, ' 
for example, /is one we can no longer ignore. If we '^re to be 
conpetitive l^the international marketplace, it v7ould» seem that 
rc^yaminati^\yi the policies, laws, and traditions controlling 
the> interactT6ny of our industries-, our universities, and our 
Federal Giiitaiaraent is long overdue. 

Ties with the Developing World .. Very special opl)ortunities 
and problems emerge in our interaction with the< developing world 
which sees the application of science and technology as a major 
means of achieving economic and soci^'al progress. It would be a 
major mistake to forego these opportunities because of internal • 
dc«nestic> pre- occup;|.t ions. 

ir bears emphasis that, using World Bank stat?istic8, in 
1973, the average GNP per capita (in U.S. dollars) in North 
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America and Japan— the niost affluent twQ sub-areas considered— 
was $5340, while in Africa and Asia (excluding Japan)— the least 
afflueat. two sub-areas— it was $2151 Ihe ratio here is 24.8. 
In 1978, after five years of active discussions and projects 
directed toward reduction of the ?atio, the tw0ocorres^>cnd ing 
numbers were $9029.and $328, and the ratip wa3 27.5. Ihe gap 
between the most'and the least affluent had widened; it * * ' 
continues to do so. 

All' of us in the developed world share, to a greater or ■ 
les.ser degree, the humanitat^ian desire to improve th^ onality of 
life of thos« le^s fortunate than ourselves. With the adve^f of 
satellite communication links and bicycle-powered TV j?ets» in 
even «onie of the most remote villages, however, there has been a 
qualitarive change in qur interaction with much of the Third 
World. Prior to this change, few in, that world realized that we, 
and tnany like us-, enjoyed a quality of life beyond their wildest 
imagining; but having seen and appreciated thi§ distinction,. 
Third World expectations have taken a quantum jump. And unless 
we act, and are . perceiv ed to be acting to better their lot, we 
run the serious risk c! a world in turmoil, with the developing 
world making common cause to fight for Vhat they view as a 
fairer share df the earth! s resowvces. In thi^ sense, OPEC may 
1>e only a p^^l e precursor of worse thii^gs ahead. ^ 

-Aside from humanitarian desires for generally making the 
world a better piajce foi all, there are additional reasons for 
arguing that it is in the best interest of the United State^ 
that we help in the utilization of science aad technology f<^ 
Third Korld developTnc-nt . We export mpre goods and^ services to 
Third World countries than to Western Europe and Japan combined. 

It is possible to agreerwifeh President Reagan in calling 
for significant reliance upon the private ijector; however, I 
also think thin is one of those areas— raent ioned" earlier— in 
which concerted governincnt-pr ivate endeavors will be superior- 
to those of either ^acting alone. 

As a specif ic suggestriouj except in , very special cases, it 
appears to me thr.t we. would be,i7ell advised to chi^nge the focus 
of our interactions/with the developing world frQm a preoccupa- 
tion with technology-transfer ( t;o tlie. usual extent that this-, 
implies high-technol osy) tr- include a more balanced considera- 
^.tion of science-transfer as Well. We can and Rhould--and at 
much reduced expense— assist developing nations to develop 
educrtional structures— in which science and technology would- 
appropriately receive considerable pragmatic emphasis. And 
roost important, w^ muct help the developing world to crea^te 
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challenging and rewarding career opportunities for their most 
able and highly tVained cfti,z^ns-t£jiome. Only by retaining 
a large frac tioiiy^^ ^th'err*^6e^^ not 
^now jEhe:»<^n^fC— ^an they hope to develop a stable and growing 
^diic<>tiottal system and a pool of educated persons who can 
function as m^dwives and developers for the future transferred 
technologies fundanental to economic growth and stability. 

' In our long-terra best irtercst, w^ must 'forego the short- 
term advantages of the continuing brain drain wherein out 
universities and 'hospitals are increasingly populated by the 
best raindswc can find anywhere in the world.' And we must make 
it in the individual' best interest — both personally and |>|-o- 
fessioiially — to build a career at ho.ae* 

Here, again, we must be much more -sen^^ive to the special 
needs of other countries, other cultures, other systems than we 

^have beeu. WiVrthcr overtly or not, much of our interaction with 
the rest of the world has rested on the frontier assumption that 
"if it*s good for us, itVs good for anyone," Particularly has 
this been true in our interaction with the developing world. 
Increasingly, it^ members do not want to be told what to do; 

(? rather, they want us to ^^elp then do wh^it they decide to do. 

Special Co'iccrns Af fect^g P"f Strength V The comparisons 
noted ab<ive and wy other coruitjents on intein^jtional ast)ects of 
science and trchnology provide a rsther disturbing insight 
about what has been happening over tine to our investment in 
the ^future. LeJi^me reiterate that we still have, overall, the 
strongest scientif^^c and technological estabi ishment in the 
world — but we have have some very special problems, as Dr. 
Keyworth and- others* besides* me have »repor ted to you. 

' ^ ' i 

• We must have modern, competitive science and engineering 
facilities both for teaching and research — but ^ in many 
areas and places our facilities are obsolete and* non- 
competitive . • ' ' 

— • ImagipativG, creative people in a broad variety of 
.scientific^ and engineering fields are -Essential — but 
. we have troubling and growing shortages of ,the right 
kinds of people. /. , ^ - ^ 

• An adequate flow, of our best young peo^^c into our' 
scientific and engineering enterprise must be maintained 
— too tnany areos the- flow is ominously 
inadequate artd decre«i3ing. 
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l!i J>ct , X iC'.'l /o stron/l v .'>t"Out our proM.^"'6 id oC^once 
an'-^ cUf. li^' T'n', fdtcitici. th.*v ^ ipt^'-ni to |>^ovi<i( morx* tcsLi- 
niony tl» m yon *j-,>vhI for. The prs/olcm^J far ^oyond /c^ny one 
budj^vt *i-'r X 'vi cu: n wide .'ivath thr*."Vfili '>i:r Ilatjj&ftard its 
insti Cue U'T.s . \ 

A i '_u*rc <ji^p4 ^"5^'' ^'"J-II^*^^* n J : 1 c <T t i on 0 v c i • Surely one 
of Che it^-^tcsl chclJ V 'i;. . ar.d .it the sane TTrie^ont? uf the 
gie<*it*»st opportMii i «: » vrl.'^^ as a Kntion, face is in the 
arcn of cUucacioii. it is v.i ^rea Lo which AAAS has — and 
is ia^Hin^^ — ,a r^ajor coM'Tiit;r»ent of iti^ effort and resources. ^ 

I an on rerv>rd as b<^l tl at still set tho style ?nd * 

pace for thf* whole vorlc'. in lorns graauat;^^ education. An'd, 
although quality variations at the college level are more 
extreme hero'Chau elsewhere, in the dc /eloped world, vhore in 
^ener<:I, there it- vre cenlr«''l coi:lrol, on av/era^e we remain , 
coinpet I ti^o . iMo^ piucollegc lov^*] , however, we have fallen 

fa^ behiiifl oai intei.ns^ftioiii'l conpefitors and friends both in 
quality <.nd in number; oui system has very serious difficulties. 
All of yuu arc faniliar with so?ie of the disMdl statistics — but 
they beai: rt^petition. 

% * 

J: The latest lUtiyrrJ Hcscarch Cour.c il ^study enlitird ^'The N 
Stat^ of School ?,cie:icc** £.hovs thar : 

t» Only onc-thi;;^' of the nation's high 5chool?c offer *inore 
than one year of naUieMacics ^ science. 

• At least h/ilf of all U.S.' high school graduatcis have 
taken.no raore than one year, of biolo'jy, no other science 
and no dtJthematics bevoog algebra. , 

• Only 105,000 U.K. high school stude'hts study any 
calculus at all while 5 nillion in the Soviet Union 
take two years of it. The Chinese situation is ^similar 
lo the Soviet one. 

o Japan now gradtiates annually five times as many engineers 
as 'does the U.S.. . 

o Shortages of supplies and cqaipmcnt in the schocTo have, 
* in the Uist decade, cut, by more than half, the exposure 
to any fornix of laboratory experience, by even those 
students who t^ke science. 
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,And there is more : 

• At present, only 75% of those enrolled grodmnte from 
, U-S. high schools; in so;rie areas of 'the country this 

fraci *cu d * ops Lo 5 5Z Tu c^ tra,s t, 93% of all So vie t 
^youth com{»Iete, successfully, a ten year-secondary ^ 
schocl program generally agreed to be substantially 
n»ore demanding than ours. 

• Even worse, recent studies show that 201 of those v;ho do' 
graduate fr^jm U.S. high schools are illiterate and 

^ unable to function effectively in 'pu^ society, " 

« And, across the board, average scores^ of high school 
seniors on Scholastic Aptitude Tests have continyed to 
fall. The average score for ^which these tests were 
< standardized .is 500. In 1979 the nation.-il averages of 
^ those vviio too,k die tests were 427 am! 467 for verbal and 
mathematical aptitude respectively; College Board 
- ' estimates^'suggest th^t if all 3 million U.S. high school 
seni.ors had been tested the results would have been 368 
and 402 respectively. Host serious of all, and contrary 
to popvilar belii^ f , the fr<iction of those scoring in 
exce?s of 600 on tl^ese test.*: is now^ ^lso decreasing ^ 
' although f^r many years if had remained essentinlly 
^^if constant. » 

* This 13 an unhappy litany and not one vorthy of this 
nation"; , ^ 

Let me then focus on mathematics jsnd scienc^e. There are ^ 
two major inter-related questions here^ First , wc have the 
urgent problem of developing scientific literacy on the part of 
citir.enry. Over 80% of our citizens receive their last expo- 
sure, if any, to mathematics and Science during their high 
school years. In a society, su<?li as ours, of growing tcchno" 
logical sophistication where the questions' of consequence 
increasingly have scientific and technological a^ects, JLf our 
public\cannot at least appreciate the nature of the issues, 
•quite arpart from contributing r6 their respltition, they ' 
inevitably wilT tend t^ •become 'alienated from society. This is 
a trend that no nation can long fendure. 

^From a more parochial point, to which I shall return below, 
increased pubj,ic- scientific literacy is a nccessary-^if far from 
sufficient — condition for the development of the new cons'titu- 
ency for science and technology that X see as essential. 
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^ That the Lem "creationist science" and what it implies can 
b-e taken seriously by so oany pcii)ple is porlmps ^the most damning 
indictment we currently have of our failure in science educa- ^ 
tiori. If oat lawin;?Vers school superintendents, publishers, and 
<;iti2:ens uudctstood Ihe oature of scientific inquiry an^ . ,^ 
evidence, and %h(t kina of knowledge that flows from it; if, m 
short, they had had education in science appropriate to our 
time, then "creationis? t science" wouid be seea not to be 
science, ^v^atever else it might 'mean— and thf.re would be less 
danger of the sort our schools^ now face. Altl ough current ^ 
engagement is taking place in biology.. let there be no Hjsunder- 
standing— the attack^ represented by "creationist science, are " 
drawn from the same narrow inteyectual base which powered 19th 
century assaults or. science'in gential. Now, as then, the ^ 
"creationist scientists," despite their apparent new garb, are 
attempting to stifle rational inves.tigacion , freedom of research 
and teaching and wish to reshape the basic fabric, of education . 
Make no mistake, this is not a matter which can be dismissed 
lightly or laughed away. 

SecOiiU, we have the question of providint. science and 
mat^emotrc'^'3 in hi.^h schools of such character that they v/ill 
attract a gr-u tor ' fify: tion ot the Nation * s most able youth into 
•matbematirs, science 'av.n engina^ring o.-^reers as well as provide 
them with the edaC'^tional foundations appropriate to such 
career s.f , . ' ' 

These two que-slions of scientific literacy and of prepro- 
fessional education are quite distinct and must be recognized as 
such. Programs and changes designed "to Answer one may well be 
inapproprile for the other. 

We must avoid the common trap of assuming that since U..S. 
scientists continue to receive the lion's share of Nobel Prizes 
in science, our educational enterprise cannot be all that bad. 
i?rizes won nov/re fleet research of 10* to 20 years ago and 
education of perhaps 20 to 30 years ago. 

\4\\^t can we dV to turn ground a system that involves over ^ 
25,000 schools, sone 15 million students, over 1 million 
teachers and admin ipti actors and that e.ach year now accounts for 
.^about ^95 billion tax dollars? Perhaps little, but we must at 
least 'fcry--we must mot expect miracles — and^ re must begin now. 
We must return to p'b^fbctive standards of performance and 
learning; we mitst maintain discipline so students can study and 
learn; we must remove raw violence from the classi:oom; and we 
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must stop sociiil experiment:; carried cut at the C}tp6n&« of^our * 
children. For the p,ood of our ration wo mast ♦b*='f!in Lo spend at 
least as miich time and effort on the ^^tObt able 10% of our 
students as wo do on the*10% least able, * ' 

And aost of all, wo must give all of our students sorns 
knovlodgo and appreciation of all cultures.'^ It is^hliocVinf; to 
find tbat high .school gradu»itej^ 'Know no rriAChomatics or scio.ucc ; 
it is even more shocking to find a froijit: nnuy ^fho h .vo nevoi 
read a novel or vho are unablp to writx> a cpheroat p^rap.raoh — 
sometincs because they tiave never been oxpfcied to! 

^ Vq currently are expcr ioiiccin^; c*. r>c rious sh<>rraf;e of 
mathenat icians, natural scientists end engir.oers i:i this 
country . It will inevit;\bly worsen in the t^'id 80 ' s since " ' 
educational tine constants prevent any quick fix. 

let TmC illustrate with a few concrete numbers jsscnblcd by 
Lec Ciodzins for physics and astii;uony; ^'cry sitiillar i>t*aLi s t icr- 
can be ass-embled for chemistry and .enginerr irg,. ♦ ~ , 

• The number of Ph. D' s .awarded in i<)50, in physics arvi 
astroncii/ >v/as 985 — almoec identical,, to th*^. nu.^^bcr in 
1965 and or.ly 57% of the 17' 0 '.vr.r^cc' in 1971. ' 

• The rummer of Ph.D':; OMploy^d Ip lb-* V,S v/io ;'rr«K->n>' 
practic p'lys ic£ in ^1977 was 18^00CX, '"vi rtv»a Lly lh<> srtjPrc 
as in 19C8 dnd^do;/n by -^10% froih the''X'970 pf>ak^ per iod . 

• During the 1979-1980 academic year hho number of 'for^^if^n 
students enrolled in U.S. colleges ard univt^i si tics voj.e 
to a recor^i level of 786, A3(^ — more than 8 times the 
number enrolled in 1954-55. ?omo ?5/f of the present 
foieiyn students are ^nroUed in scientific and 
t^chi^i>cal fields; aJlmast halt" of j.hen' arc in engineering 

* , _^ ♦ 

IV Of the 2379 Ph.D's awarded in engirf^lirine in !^)80, A9% 
were to foreign citizens, Hie fraction of foreign 
citizens receiving Ph.D degrees in .physics hnf^ increased 
from IA.3% in the early 1960^s Co 2A.4% in 1980 (aad to 
an extrapolated 28-30'; in the late 1980'*s; comparaMe 
comparable figurc^s for chemistry are 12.1%, 21\% and 
23-27% respectively; and for engineering 21.4%, 49X and 
50-60X respectively). 

At a, tine wlien we are just beginning to see an increase 
(ir. 5'^ in tlie nutiber of graduates in 1980 — the firjt increase 
since 1970) in the fraction of U.S. high school graduates 
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etfterins and gradualin;* Uom engincoiing schoolr» we' see a^much 
stronger exodus of enp^in^rrinj* faculty to th^ private sector, 
tiniilar ironds arc appaient in collegr and university mathf— 
tnatics am! nvllurr.l scicr.cc departments— and in high school 
science dep£;i toiento . 

With industrial'* sal. irles twice those in higher education 
and often thte^i times Hiose now bcin^» of feted itr^*higb school sj^:-., 
w<? caonot be surprised \o see then nccepted. Kor can wa ques- 
tion the private sector need for ijuc]\ persons. It has never 
been greater. ' ^ , 

But ns 1 have enphasized elsewhere, we renlly arc eating 
our seed corn. Tnfor'nation on the unfolding extent of this 
depletion has, been acquired in recent suiveys by the National 
Science Jeachers Association. They fgund thcJt drastically fewer 
persons artr nov being prepared to teach nath and science 
corapared with ten years ago: a 64% declino'for science teachers 
and a 7SX decline tor math teachers. Of those who* prep^are to 
teach science and math, the number who actually ^seek teaching 
jobs has declii'Cd even more; a decline over the past ten year of 
7AX for science and an decline of SOT. for math. These findings 
— a.s a leading indicator of ^at. lies nhcad — have -^stunned mr.ny 
observers. • ^ 

" The time has coin<> wJien the acadcrric .lAd private sectors 
must rccognti.e and address more diiectly their in terdependrncp , v 
I shell return to this below but on a more .positive note, 1 
an happy^to report that there have been redcnt encouraging 
developments. 

• AS group of Pittsburgh coinpnnieo has set up a $750,000 
fund to provide, auong other things, computer services 
to the city's junior and senior high schools. 

• Exxon has made n grant of $150,000 to Florida State 
University specifically to slov; the bpain draiti' of young 
faculty to industry and a subijrantiiilly larger one to 
MIT for the same purpose. 

• Phillips Petroleum has made a contribution of 6 million 
I dollars, to be administered by AAAS, ^nd used for 

improving s^^^ondary school odiication in mathematics. 

• IBM reports that over the P^'JSt five years it has 
contributed 23 million dollars for programs, faculty and 
equipment in science, mathematics and engineering 
d»«p«'*t*tinents across the Nation. 
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Companies such as Hewlett-Packard and Intel hnve 

Qvelpped programs that annually contribute rail I iotis 
of aoilars of equipment to colleges and .universities 
tnroughouX the nation ^ and ^ ' 

• Johnson and Johnson has t^ken o\f^t sponsorship of the 

reTevisi 



*NOVA science program on public 



ion . 



* We csn hupe that the fee cor^porate initiatiVe& will be widely 
recognized and paralleled. ^ ' • 

* Turuiitg to another area, faced with vei y i*eal personnel 
shortages we btill do e miserable job of ati.ractiny wor'en and 
minority group members into mathert^atics , science and cngi* 
neering. Current statistics suggest that we are in<sking progress 
toward increasing 'the participation of women in science and ^ 
engineer 'ng — although not in mathematics. Doctoral awards to 
women in science and engineering have, increased from '7% in 1965 
to 23% in 1980 but women still higher unemployment rates 

and lower s^ilaries than men in all fields. * 

The Ki'LuAtiun regarding minorities is much bleaker anvH 
indeed we awpcar to have regress. id. The nu^iibcr in scif*r.c,^, 
mathc^.natics and engineering is significantly lower than it vas 
10 ycar^ ago-. Ir. physical sciences, life Siciences and na*».ho- 
inatics, for exampla^ the fraction of Lot^il Ph , P ' s ^awarded to 
Blacks has decref*sed by a3mof.t a factor of 2'-from ?.9% in 1973 
to 1.71% in 1980. In 1980, /^jnci ican Indians, Blac^ks, Puerto 
Ricans^iiid Mexican Americans received 0.3%, and 0.27^ pf the 

doctpri^tch , respectively, in science and engineering;; of these 
well bve^ 50% are u> the social sciences. 



V 



We are waging talent here for which the Nation has urgent 
am convi^Axc^ed , 



need. I am convlixc^ed , however, that the heart of the problem 
remains in the secondly school and that we cannot realistically 
expect much improvemtnL ^sewherc until we can make substantial 
changes at this level. ' ^ ^ 

I have already ruentioncd .serious problem regarding 
teaching and laboratory instrumentation, at the higli school 
level, llie college and university sitita^ion, is if anything, 
worse and is rapidly approaching a jrUioiial -scandal . In field 
aiter field, ^^upposedly rcpi^esenting high teclinology frontiers, 
we are educating' students with instru^neritation treqiiently twerity 
and more years old — instrumentation of another age and genera- 
tion. Little wonder that we, all too often fail to attract or 
hold our students' interest! 
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This instrumentation question is serious for all physical, 
sciences; it is particularly serious in engineering where 
graduates of levcn oiir best known eng^ineering j?chools arc ^ 
confronted with entirely new and unfamiliar ins^rument.u ion on 
their first jobs and require substantial additional private 
sector 'investments in retraining and familiarization. 

One of my majo^- worries, in the interface i^Ith education, ; 
however, is that wc may have learned too litcle fron recent . 
history. In 1962, the GilHland Panel of PSAC, responding to a 
widespread perception of impending shortages of personnel for 
the ticTtion's space and military programs recorcwended a crash 
program of support for students and for uuiv-arsities . Univer- 
sities responded enthusiastically—in retrospect, much _too 
enthusiastically— so that the 1970 manpower goals were achic.ved 
in 1967 and, not surprisingly^^ the crash prop^ram was torminatcd. 
Wh abrupt changes— both positive and. ncgatlve--appli€'d to any 
tightay-coupled 'system having several similar tirae constants, 
will, as^any engineer or ph;f^cist will recognize immediatley, 
cause* the syste^n to oscillate. As oscillate it has. The laige 
number of stud^ents educated In 1960'^ via the crash program had 
difficulties firtding employtnent once the proi^ram -was terminated. 
Medi- reportS'of these dihicuUies— frequcnlty exaggerated— 
influenced a new generation of students away fron science and 
Engineering .with our present shortage as a consequenc.e . 

Obviously this is an oversimplified scenario— but it 
emphasizes a characteristic of our sytem that has caused untold 
wastage, hardship 'and heartache among some of our most talented 
young people, tho/e for wliotn the country has the greatest need. 

Why am I worried? Because sense pressures for measures 
that can begin a new oscillatory cycle in response to our 
current shortages of CVained tnanpower. Obviously we must take' 
steps to meet and^orrect these shortages; new suppor^ for 
people, programs and instrumentation is badly needed but we 
should not'DOunt a new crash program designed to produce large, 
sho^4:-tenn outputs. Rj^ther, we ^should concentrate On long-term 
improvements^ education which will attract adequate number of 
our best a;id brightest. . . - J[ 

Finally, a^ a vital policy question, I think that is is' 
terribly important for us to bear dowri on the f^lestion of 
federa\ s«pp<^rt of science educatidn. I think the Congress 
acted wi.<;el7 when it amended the NSF organic act.inM972 to 
stipulate thaj; the NSF should' "initiate and supporj: basic 
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bcieiicific rtbCjrJi anJ p^'ugiojus to str en^^tnen^ sc ic»nr i f ic-;' 
research |>o t t'ni i a 1 ' nnc! s c Q.^&s^-gi::^^!^'^ ]ilT(i}yranrff n tr .rl'l 
levels . . /• ic?ipltfrsls"'a^afc<3) . 

It is not very realistic- lo expect encii State rO'"rcinvent 
the sc ienti f ic^aiTd technolo;? ic al wlioel y^lso, bufip,et pressurer. 
will operate agVijgy^C theni staving, r-urrcnl with the latest 
advance*; on nn ind Iv idua I -l).!sis . T tlink it is inportant to' 
note i^j?r the N^r li.js novcr "diet .it^ ^i" to schools wb^Jt they 
should tH ach,; ratiir-^r tljoir puiporo 'ir.? boen to t'Oj ve as a 
rtiboiii i.e £oi the £tates aad individual school districts to use 
, material as tl^ey see fit in Jocal cduc;ation*^l programs. 

On the other bond, I not wish to bo in the pooitiort of ^ 
defending each and every el^^ment of previous NSF science 
education progr«<ms. And given the Admi'"' ict rat ion ' s agreement* 
that there are serious problcr!\$ and given its expressed ^ 
vil 1 ini^.n* ss to ^.onsidcr various alVeiri. lives, it would seem that 
' an ur.^nt priority for you x^'ould be »,o seek the forging of i*xt 
acceptably science and engl.ieering education policy — not only 
for tb^^ NSF but also Cor tlio Federal 'Government , 

Two specific areas arq of sptcial '^or.rern to ine. Firsr, 
time and time at-atn as I've talked with >ecOiidary school scien..'^ 
amd^ nu thenar ics teachers in cUffeionr pniis cf the country,.! 
ha\% been impVcss^^J by the de^foa to which they h<ivc i el led op 
N5r-sup[)orled siTur pro?;r.u.is to Veep them in tOv;ch wich their 
professional fi.^J.U. Tliose teachers have e^presfied tbeir deep 
feeliuj^s of disnay and sense of loss at the demise of those 
prograttti. follov;in:^ cutbc<c:ks in USF support. These programs arc 
particularly importatit for oor very best secondary school 
teachers. They arc important to the Nation. And I belicjve that 
they Should not only be reestablished, but itrongthened , They 
QtQ an immensely cos*t effective investment in our youth* 

Second, 1 have long regretted thrt for irr.ny reasons , the 
prograns foi pre- artd post-doctoral fellowships iMrcd on c om- 
. petit iv e excel ! t -nce have dwindled as other programs fostering 
greater equity of op^rtunity have grovn. Important and 
essential as these *'la^ter continue to be, we stiould not far>jeL 
tjiat to a rcmarTvibJy disproportionate d^^jiee our future restr* in 
the hands of pur most able youth in ill parts of the country and 
from all elerjcnrs of our society. . . • 

Programs for competitive fello*^ships have identified, 
e|icoura^;ed , a*tid supporte<^ such persons, particularly in areas c»f 

.perceived national need. These piograms seem to be one of our# 
most obvious investments, I have been u*'^oorav',ed by the support* 
that hds been, n^-idt> ^^v^iJablo in tins area by NSF, Put che 
»uppui r levels lavi bf . f> far fioni co^iv.en.nCr ate, with the national 
important of thes^' pros?.i .'.»\s Qt with thY* j"eriousne:Jfl of the 
problem^, \;e f .k e in S"ltri»ctipt and r<^raininv: adequate nu;ift>eri; of 
the very best youi'p, people in 'jci-^nce, niatiienatics and 

Vngineen'ns. -Major .-xpn^iJiion of i.xi*5tinj' programs here t;ould 
also, I believe, Ilr. Cha iKiiinn , roprr^sent -in exceedingly cost 
effective ^^i.nvestmei't . 
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Xm pocc ov. t he Sc i o ntific a n d T«>chnical Commmiities 
^' o f br.c e r t a Tn t y and P(rc^! c t Re-v i s i on s 

t and • ' 

Stabil ity in the R&D Plannin?: and Budget 'Process 
» ' , * ' 

Turning now to the final quest ions^ou nsked,'I have chosen 
to combine thtva. I ufU begin with a clearly obvipus statement:' 
science and techno! cgy ?re inevitably cor^i ti-on^d aftd shaped by 
Che society ''n u^ich cbcy aie iml>eddcd. llicrofore, to expect 
iuT.ur.ity from the forces 'Vnd influences— and especially 
polLtix:Gl for^-es and irilluences— at vork in our society is 
not very rt^aiistic. Nor do I belieVc that responsible scientists 
and engineers expect "such immunity, > 

And i.f yoi, ask me about Presidents changing budgets, I 
. can't -say thai. I like* the uncertainty all that much; however, I % 
also h'dv<i4tD acknowledge it is a w^y of life. Presidents Nixon, 
Ford, Carter were not coo ^nclii^cJ to Veep their predecessors 
• budgets — and oven mjade changss in their o\m, 

Perhapb I'n being tpo philosophica,l about this, but changes 
IP Adninistrafiou^; and political views inevitably bring uncer- 
tjiinty, co-pfa.<sicn and now peOolc. -Let me, however, naUe certain 
aci>?r-il tejflxks 3i^w>ut uncerfca inty. and variability in the suiirjorL 
of scicxitific resorrch. Research groups, particularly the most 
product we .ones, ^ire eKL'-aordinajrily^ fragile, their mciriber,s have 
comple-ner.tary cltenictrics ancj intere*s£s and once disbanded they 
can never be rca'sseabled . Consequently, there's always a ^ 
tendency in tinc5 of uncertainly to protect the research group s 
existence— in hope of better day?*— and often without due ^ 
consideration of longer .ran^e costs. 

\ What are sone'of tbese costs.? Let me give only a few 
exitaMes. ♦Dcvelopnoat of new instrumo^jtatiou , new devices, iind 
new techniques is. i^requentl^' an early casualty and an extra- 
ordiirarily»>costly ®ne. . This is^ because such development feally 
is our gateway t5 new front iers*^ and to a productive future. 
The h'igh risk .study with 'low success probability and with the 
potential of rcvolut loii.iiy consequences, if it should pay off, 
ic another early casualty. Uncertainty breeds short time 
horizons', limited expectatipns , and a tendency to "hunker down.'^ 
It also kills enthusiasm. In shorl , over any extended period, 
uncertainty is inimical t<2^ t^^t very fabric and structure of 
research and it strikes in deadliest fashion against our . 
investment in the Nation's long-range future. 

Most of all, this is "true in t^rms of human' resources : 
already, a,^ 1 have noted,- face serious shortages of trained 
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personnel in many lieldb of st.i<»nc<? and. cni;ineer fng. But nothing 
isjniore d iscourc^; j p.g tu promising ycun? nin<!s thit 'Iho spectre of 
concinoiiig uncertainty in our. reocarch opportunities and caretT 
possibilities. Such uncertainty wakes coherent planning 
particularly difncult--if not indeed 'iuipossible— for our 
youngest, *bri?Jilest, most importaiit resources. They are all too 
frequently lost. Ip todayS,- sc ieiice and technology this is a 
loss that we as a Nation ci?n ill afioi^ 

1 

And there is a doraino effect: Discouraged and disenchaji^ed 
young scholars send a< powerful message j^ack to the secorid^ary 
schools — particularly to the most ^le^ students — and many of the 
st^drnts^who night otherwise have entcreJ the -important areas in 
question are also lost. 

V 

There is another, aspec t of change that bears emphasis. 
After a period growth, any field can more readily acconunodate 
leveling or even jdecl ining support for some limited time. Tliis 
is frequently a time of sel f-sel ection , in which some of the 
least excellent activities are weeded out; it is a time of 
consolidation in which the fruits of the growth period are 
brought into, better perspective and integrated into the broader 
world of science ^nd technology. Cui'rently, however, if I can 
take physical sciences and mathematics— ; the areas will-' which I 
happen to be most famili'ar — as examples, we fipd ourselves at the 
end of more than a decade of almost lev^l dollar funding, a 
decade where inflation has taken a. heavy toll on our capacity to 
do research an<J to train new scholars. A brutal weeding process 
has already occurr^ed and further reductions are nb^ pruning 
away the less than excellent. By any ipeasurq they are cutting 
directly into our national excellence itse'^lf. This Coo, we 4' 
simply cannot allow to happen. i 

Let me deal with a last facet of stability and change. 
Over the past four decades and more we Have evolved a complex 
mix of university facilities, national l^aborator ies and indus- 
trial research ojr^anizations that has served us well. Some o£ 
these have more effective internal renewal mechanisms than 
others and have been more able to respond to changes in mission 
objectives and public expectations. I b^elieve that lacking 
adequate renewal and redirection mechanijsms, some areas of our* 
national research capacity are seriously! underutilized, at a 
time when we are very much in need of more, and better, 
research. ' j 

. Uc have never found it necessary tOj rationalize our present 
mix qI research facilities and institutions; they grew in 
response to local and immediate needs. resources are in 
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criticA3 suppW, whoo now and urgent jomnnds foj both research 
cvc» i-ftfio-'rvK'^rs ar^ beifii' raaio op tin fiystc-i, how»»vcr , , 1 bol ic 
iXu-.x tb« liffH'. has come for us Lo uuUL^rlcike thi ' i.i t ionali-^.aion , 

roo'-Tnij^o '.'-.r u-.tio .jl research enterprise in the ligol of 
pfp -.^/'il <-Jtid fat u-^ neea;^,.'"Fran^ Pross , ^Prosident of the 
f?:atK.n;,i iVcad.^ry of Sciences and r^c icnce Advis^'f in the Carttr 
Adi^uii'-n ration <jomiaC:nl<Hl on this poxat 'a few nonth^ 3:^,0: 

",,,(tKf- scJontific community) also diicct itb 
ittcutJuP ia^-ir ' , .of tf ri^g lo rc-^xa^^Iao i Uc narioivU^ 
rciiearch enterpvise — including acadetnic roscorch, ns^ ional 
lqboratori<-s, and .industrial rest-avch— to learn vhcrh:r vie: 
in^t) nu ional rol'itionshJ ps ami other .st rue in r;;! cUiTi^cf 
can prest^rvo our scientific atv^ njUhs i\\ a period of 
financial stringency. All seCciors of tbt- scientific 
couniunity nu&t be prepared to sot aside the shibbalcth^' of 
the rast iuO perhaps pi o pose nt^v; nodes of research ju'»i. as 
effccti^'c yet less costly..." " - 

acknowVedging the need for continuing renewal rncj- 
support M'K the tall for a reexaraination of our scientific nnd 
terhnolo^^.caJ enterprise," I cannot enphasixe too strongly vhaf 

appear to bo r. rathcr conf i ictin;?, cautionary notc.^ Thi* 
nou- fcc:.?es all char.£i05t that no. einetg.-^: jhv-jp.cf |n oir 
desU-tvI rates o\ raanpovv-r produc ti\>n; chans»?s .i i our mix of 
Sx. i^.r.i if ic i-ist^ tt'L iono— 01 indeed of <;ciencf; ch.iugos ni cu*: 
supiort level-; and changes in our- support fastitutions. 

There are nattsral time constants associntco with the 
entorprlj;e and ^.f distinct Ctlemcnti.. A Ph.D. progrci.^ requires 
A" 5 yf-ars; a i^'tjor. nt.'W facility way ?-oquire 5-^10 years for its 
rt^^Uzotion; a uev^xper iment nay. require several years fron 
conception to cc-mptelion. Changes— ci ther up or down— that do 
not recognize thcss time constants can bv^ a xjaotc of both 
resources and tclciit in addition to bein^; actually counler- 
t)roductive. I would urge. Mr. Cliairman, thai, whatever changes 
nay emerge f ron .yo..r considerations and those of the Adnini i- 
tration be made gradually so that the syste^-S involved can 
'adjust with minimum damage. 

For- better or worse, science and scientists are committed 
nnd involved with the government; they are incegrnl to the major 
missions of virtu.illv every ar;cncy 'Hie n;ajor issue, today, is 
x^t^f^thcr ti> bccoino involved as it ^-as 50 years ap,o, but }}0V 
best can sci-ence he employed for the well-being »and security of 
Our nation/ 
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Sci<>nco a nd Soc i ety and St rcsqt'S Other Than BucI J^et s 

A? I observrt! earlier, science and technoloi^y are 
in?vUcbly coaditioued by tho *soc*ioty in which thtSy are 
0'nftc*ldcd. There has been rauch't.-jlV in recent years in this 
ccijvtrv of ijapTpant an^ti-sc icnce sentiment. I do not believe 
x\'Qt rbis exists but, on the other h^md , 'there J_s widespread 
.<At I- techno logv sentimerC and, unfortunately, a vf:i y large 
£i'«"Ctit>»n of our public ir» u».ablc to distiuntiish between the two. 

X have already* touched on ' the* question of improving science 
teacMiijg, and thu^^ science literacy, '/a forthcoming high school 
^uadtisiting cla5Sf'<v. Jiut this is clouly not enough. Our 
present adult pcjialation can no longer be directly affected by 
changes in our hi^h school !?ys terns. 

TVre is evidence to s:uggest that a very significant 
f^^^ctlop of those adults have s rea*l hunger^' for accessible, 
aiithur itative in f.jrrtatiun about scienre and technology. There 
bar been an explosion o'f new popular magazines — Science' 82, 
Discover, Next, Science Qucs-t ,*.Science Digest, Tecl.nology, and 
man> other .d u ec ted to this market; the success of the l^OVA and 
CO.VtOS^ lelcvis ioi. scries provides additio\,al evidence. «i 

Ine science and technclogy ccmir.tmity in this country has 
a very real rest""'^n^ib ii ity to respond to this public interest, 

pjiLly :n accourting for support received, partly because il-<i 

Timbers vvnu^ to tilk pnd write about whal they are doing, and 

parrly because ^i: is in the bast interests of the science and 

tecl rtoU'gy co'aicjiia Ity to foster public awareness of science and ' 
t^r-chno^ ogy . " 

Thi^ raise.<;, again. Bob Giawo^s questior of the U.S. con- 
stituency for science and technology. Although rarely stated 
overtly, for s<>Veral decades follov;ing World Warr I, public 
support for science ras tied, jconscioufily or unconsciously, Lo 
national security and defense. In part, this was a holdover 
fron the war years themselves.. During the late 1560' s, in the 
shadow*; of the Vietnam conflict and -with burgeoning anti- 
technolo<;y sentiment, this linkage became increasingly 
precarious and suspect. ' 

On ,Novrejnber 7, 1973, tn a television address •to the tJation, 
Prei»ident *NJXon attempted to &hift major support for scirence and 
technology to tlie quest for energy self-sufficiency. He called 
for energy independence by 1980 via a major national commitment, 
"in *^^|||j|Spirit of Apollo, with the determination of the 
Manhattran Project." As part of this com.Tiitment he called 
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fox, the creation of---an Energy Research and Development 
Adfflinifitrat ion vEHOA; 

^ As* we all knov, ERDA cawe and has gone; its successor 
agency, the Depaftiacnt of Energy came and > now it, too, may be 
eoing— althoogb our energy problems cq.rtaialy hay^e not gone. 
Energy, it seeovs, is not the star to which our science and 
tecbnoiogy wagon should be hitched. 

I am convinced that the ultimate answer must lie in an 
infonaed, interested public prepared, to upde cstand— at least in 
outlin-— and support science and technology on their own merits 
and in recognition of the vital role they play in almost all 
fopects of contemporary life— eneigy, health care, environment," 

rlprnmerce, trade, national security and international affairs, to 

Eiist only a 'few. 

Ifo this is to happen, it requires a laajor commitment by ^ 
members of the scieirce and technology community to improving 
adul^ scientific literacy. It is not enough to leave the task 
to the tiny group of professional science writers, able as many 
of them at£^, to Carl Sagan and others who have learned to \>se 
television ia vy*ays captivatipg to a general public. Improyinj; 
public unvitci-standlng of science is one of the stated goals of 
AAAS, <md one toward which we are waking /signifi'cant progress, 
but we-haye not, as-^yet, f ound ' the necessary, mechanimsius tc 
mobilise uH oar mambers as ^catalysts in this important mission. 

In working- toward this goal' of better public understanding 
of science ar.d technology, it is well to bear in mind that a 
much deeper question is involved. Can science and technology be 
permitted to go their own way — to follow their internal 
logic— in isolation from the societies i'h vhich they are 
embedded, or mus^t some system of independent value >udgmcjits bo 
made first by f^osc societies forming a framework within science 
and tech nolLjJi^y'" must function? ' . V» 



We are closer to this situation tjjan you may think. 
Remember that the Cambridge, Massachusetts, City Council, by 
democratic vote, prevp^ted any, research on recombinant DNA at 
Harvard for almost a year— al thjough there is substantial 
question as to whether any member of that Council had any Viial 
idea of the vote implied— or that by voting as the Council 

did it-might well delay a possible cure for cancer much more 
probably than unleash, any dangei' whatever on* the citi/ens of 
Cambridge. But, inc^|nsingly , the public is demanding to be 
•hoard in decisions which even nov arc entirely internal to 
science" and techoology. 
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A related -quest ion, incteasi^ly beipg posed, is whether 
scientistis have special r^spoasibili tie**. b«y. virtue of being 
Scientists, After all, lawyers are officers of the court, 
physicians and engineers must adhere to standards set by their 
peers. Arc there collisions between such notions of respon- 
sibility and the traditional noj^jons of scientific freedom? 

I find it convonifnt here to return to ny earlier dichotomy 
b^^tween natural philosQph.y and niastory of nature. In the 
former, the pursuit of knowledge, because I believe dee'ply that 
none of us are wise enough to even guc&s the future uses Tor new 
knowledge. I believe equally deeply that there should be no 
artificial limitations or boundacie:>. Ultimately, I cannot 
believe that ignorance is ever preferable to understanding. 
» 

But at the ?ame time, as in the examples I have just * 
listed, when turn to the utilization of knowledge, either old 
ur new, I am convinced that ,there mii.st be adherence to generally 
accepted standards and limitations. ' But I am not convinced that 
scientists and engineers are vise enough to establish these . 
standards and llmitationj; in splendid ispl^ation and by x)ec\^y^ 
ngre?.n*^ac. Input is e<;senti3l fron those outside our guilds. 

Let rae con.*?iiler only three examples fron among the many 
pressing. probl ens^-faci ng us nationally and internationally 
today-'-that may illustrate this point. 

c Human' population j».rov7th is the i.iost doadly spectre 
I loocdng over us today, a;id its control one of our ' 
greatx^st challenges. In 1950, we had 2.5 billion people 
an this s?iial 1 planet; in 1981, ve have 'A billion, and in 
1990 our best estimates suggest 6 billion. This ' 
exponential growth — but our public is programmed to 
^ think in only linear terms. Crucial human values are 

invo^lvod ^here; in the last analysis, we are balancing 
freedom to reprodu^^ against the quality of subseqtient 
liffc — if not indeed , against that life, itself — in 
those areas of the world .where starvation is a constant 
threat. Ihe technology is in hand — although it needs 
improvement — to turn off human fertility unless an ' 
antidote is taken. 1 sec no other soUiiion ahead, but I 
also *iec enormous social and political problems in 
implementing any such solution. 

• 1 have mcntioni'd "'the energy problem as crucial. Here, 
again, vc know the technology that would give us 
oss^tially unlimited energy — but none of the cuiicnt 
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cechnoloj^ifts, coal / nuclear , solar, will provide the 
energy necessary for maintenance^ of anything beyond a 
rural life ^style for tnacb o£' the' planet unlc*-^- present 
V societal v.alues caa be changed to permit their more 

effective implementation. 

o Health care delivery is another area of growing stres?. 
With rapidly improving technology, as long as ve are 
prepared to pay the cout, wc can keep people— v;ho only a 
' . few years ago would K^ve died early-alive almost for 
their uU , A^id growing, spaii of ytsars. Dialysis, 
requi A regularly after kidney failure, is a Case in 

* point, Kight nov?> wcjin the U.S. have the technology. 
Right now,* , some thing like 100,000 Americans jsre on 
regular diaiysis-^and" right now, we are paying^ about , 
$2.5 billion a year to support this program alone. 

V Where do we draw the line? As things now st«nd, we 
will, in the near future, find ourselves forced to tell 
someone, "We are sorry but^we can? t afford to keep you 
• r alive, even though we do have the technology." - \)ho yill 
make that decision? And on what basis? How do w'e 
decide who gets the benefits of advancing: medical ^ 
technology? 

Genetic engineering raises other spectres. If and when 
it becomes possible to influence significantly i.hc 
characteristics of ones offspring, for example, should 
the parents have complete freedom to make \;liatever 
changes may appeal* to them? If not, what arc the 
limits? And who decides? And on what bases? 

In all of th^se* examples — and there are many more like 
them— examples that are normally presented as problems for ^ 
science and technology— much of the technology and science is 
already at hand. Wl\at we lack is agreement on the underlying 
values and priorities — and adequate knowledge of the social, 
behavioral, and econoiTiic consequences. 'All of us, humanists, 
social scientists, natural scientisfs. are in tfiese problems 
together. And the time wl\en we face up to this and get to woik 
is long .overdue. • - ^ 

Humanists, deeply involved in the study of mankind, nre 
well acquainted with the seamier sideo of our nature, with our 
shortcomings iind failures. In consequence, if I may be 
permitted a hus'.e oversimplification, they tend to be pessimists. 
Social scientists teud to be pragmatists, to take the world as 
it comes and not feet too excited about it. . Recently, I took a 
group cf distinguished economists to lunch because I want<*d 
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answcr^^to the deceptively siipple qirt?sLion, '*W)i<it is our ecouony 
,guing 'to dp?" The answer — entirely unanimous — was, *'Mow iho 
hell j.houl*J we know? — It*c never behaved this way beforel*^ 

Natural scientists tend to be optiinists; they are ^^nclined 
to be impatient t£> spc if sonjeth ingj j:<in be done; and inclined to 
believe that it can, until proved otherwise* 

Ihcse are all cariciJtures , ti't tfiere is truth in each of 
thera. \ihat we badly need is a fusion of all of then. Not only 
inusc*,ve work together-^and in so^ doing Learn Lo actually 
cociDunicate v/i th one another — but al so we must be mutually 
<?uppc>rcive. In this pnst year, it has bean of the greatesjt 
importance that natural scientists r^nd humanists were willing to 
speak out in dj^fense of their social science colleap.ues faced 
with precipitous and unprecedented funding cuts. . There it a 
ua.ity;to all science and technology that we will destroy or let 
perish orily at great peril. 

t 

^ And at a time of growing shortages of scientists and 
cn^,ii>?crs, u*? cannot be comfortable with the fact that we have" 
failed so miserably to bring" more wonon. and niorr minority group 
wjuiVers into thf forefront of our activities. Our goal raii^r bo 
that of ?t,ppOi. 1 1 cxoelle-uo wherever wo find it; the obvorsf* 
io thi^l in a tiu.e of Hnitcd rei>caro(.& am' hi^h competition wp 
nm^t n^^cr be satisfied with lean t\i6*\ excel lencc*^. - 
* 

lot mc in conclusion, Mr^. Ch^irrnn, thaak you and your 
collt.i^ues on tho Commit tee ,^ on btjhoJf o*f tlie AAAS, for this , 
opportiinity r*,* ohrvrc \n' Lh yoi» a nunhex of \r\y concerns, as we 
atttnpt to forgo a new par cnerSrhip lor the mopt €f<"ecrive grovth 
ani use of U.S. science and teclmology in a time of budget 
strt*s's. 



Three ats <n critcrw emerged' ifom Oiir discusMons and were ref.ncd 
throu^^h .ipph;,aiu>n to pro^.ani clcin;;nts \n Uk- various v^ubficld,. ► 
Oucstioas i:aed to (»ctcFmmc inims.i mcnt were ihc foljowwii;: 

I To what extent is the fiekJ &\ Joi cxpU'rainr^ * 

3^ To uh.u cvknt ('ocs the fiStfi aaJ iress u> in;!^ 5h>jM!u a-u 

^iciCFitil.c (.uc^lKms i^i, ^i,sv.crcd, T^s'-bsMnljir promise of oiv'nmjT 
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3 (al To whai exteni Hoos the fioW ha\'c the po\u:5 J of diSv-o^crnj; 
nc>^'' fuadarocnt?! Utv.s of nature or of iu.ijOr extension of tfle r^in^c of 
validiiy o{ )jao>\'n laws? ^ >^ 

(b) To what extent docs^he fiHd the potential of discovering 
or developing broad ^neulizatiotec cf a fundamenial nature thai can 
provide a solid foundation for attach, en- l»road nreas o{ scicrct? 

4 To what cxicni does the field attract the most able members of 
the i>h>'sics community at both professional and student^ levels'' 

To assess extrinsic merit, we asked: 

5 To uhai extent does the fi<.»d ccniribuic to progress in other 
scicntittc disciphnes. through trun^fcr of its concepts or instrumentation'^ 

6 To what extent docs the field, Dy drawing: on »djaccnt areas of 
science for concepts, icchnologic«i, antl approaches, provide a stimulus 
for their cnrKhmcm? 

7, To wbai extent docs the field contribute to the development of 
technology? 

8 T»» what extent does the field contribute to engineering, medtcinc. 
01 ^ipphcd science and to the training of professionals in these fields?* 

9. To \yhat extent does the field contribute directly to the solution 
of major societil^ problems and to^thc rcaliMiion Of sodctal goals? 

id. To what extent docs the fi^M have immediate appjieations? 

1 L To what extent docs the field contribute to national defense? 

12. To what extent docs activity in the field contribute to national 
^prestige and to international cooperation? 

13. To what extent docs activity in the field have a direct iihpact 
uit broad* public education objcCti>*cs? » ; 



' Takoft from riwsJc«_inJVrMiect^^^^^^^^ VolumeVa. Physics Survey Co.u-iU t oe . 
nntioltTlcs^^rcr^^^^^ Acod.M-.y of Sciuncen: Washington. 0. C. 

1972.. Chapcov pp. 'lOO-zTOl. ^ 

Questions to establish structural criteria ^^crc: 

14. (a) To what txtcftt is major^ncw instrumentation required for 
progress m the fieW?^ extent is support of the field, l.jond thecurrcn. lev^. 
urgently leq^uired to maintain viability or to ob:ain a proper scientific return 
on major capital investments? 

15. To what extent h'uvo the rcsgurc. in the field been utilised 
eflcctivcly? 

16. To what extern is the slcUIcd nnd dedicated m^npowcr necessary 
\ for the ptoposed programs available in the firfd? 

\ 17 To what extent is there t balance betN/cen the present and en- 

Visaged dcmnnd (or persons trainee m the field and the eurrent rate of 
production of such manpower? 

18, 1 o what extern :s maintenance of th& field essential to the continued 
health of the scientific tii<cir':!ic cf which it is a pan? 
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Mr. FuQUAyThank you very much, Dr. Bromley, for a very firfe 
statement, Ydii may remain at the table if y§u like, ' ' 

Our next witness will be Dr. Robert W. Parry, president of the 
American Chenlical Society. We are very happy to have you join us 
today. ^ ' ' \ ^ 

STATEiMENTS OF DR. ROBERT W. PARRY, PRESIDENT, AIvtERICAN 
. CHEiMICAL SOCIETY AND PROFESSOR OF jCHEMISTRYi UNIVER- 
SITY OF UTAH. SALT LAKE CITY, UTAH; AND DR. FRED BASOLO, 
MORRISON PROFESSOR OF CHEMISTRY AT NORTHWESTERN. 
UNIVERSITY, EVANSTON, ILL; AND PRESIDENT-ELECT OF THE 
AMERICAN CHEMICAL SOCIETY ' 

Dr. Parry. Thank, you, Mr. Chairmaa; 
. The CHAiRMAf^. Also, if you wish to make your statement part of 
the record and summarize, you may. 

Dr. Parry. This will be a summary of the 'statement submitted 
for the record. 

Mr. Chairman, members of the committee,, the American Chemi- 
cal Society welcome^ this opportunity to present views On U.S. Sci- 
ence and Technology Under Budget Stress. ' 

We hope that the society's comments will be of value in your de- 
liberations. I appear before you today with the authoriication of the 
board of directors of the American Chemical. Society. Accompany- 
ing me is Dr. Pred Basolo, Morrison professor of chemistry at 
Northwestern University, and president-elect of the American 
Chemical Society. 

In earlier testimonies given to this committee by Drs. ICeyworth, 
Press, Stever, and Bromley, the case was made for science in gener- 
al While many features unite the various scientific disciplines, 
these disciplines also differ in their organizational patterns and in 
their top-priority research needs. 

For exampl^ in .high-energy physics an accelerator may hold the 
key to progress: in astronomy, a large telescope may be central to 
future advancement. On thje other hand, progress in chemisti;y 
arises from a sigi^ificant number of small, but well-equipped labora- 
tories. \ 

Today, my remarks will focus on the research needs in chenftcal 
science. You may recognize many of the points in-Dr. Bromley's 
testimony in my own. This was not planned. But, our analysis of 
many of these issubs turns out to be very similar. 

What drives the te;ihnological machine which serves society so^ 
well? Most scientific disciplines, ranging from molecular bplogy to - 
astronomy, make use of chemistry. It is central to a large part of 
the Nation's health effort including the development of new thera- 
peutic agents. ^ . 

It is central to a very large segment' of ojur industrial develop- 
ment. Let me give you an example. In the history of crude oil, con- 
version of crude oil to gasoline, an active catalyst was found which 
Increased the gasoline yield dramatically. It is estimated 200 mil- 
lion barrels of crude oil are saved each year as a result of this proc- 
ess. 

The potential for further discovery and <1^chno logical advance- 
ment in the chemical sciences is vast. Chemistry is poised as never 

t 
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before to enter a new period of fruitful inquiry because of advances 
ia theory, discoveries in chemical synthesis, and the advent ol new 
classes of instrumentation. 

What drives this technological machme which serves society so 
welP Everv technological advance had its origin in or was heavily 
dependenfiipon ideas and experience emanating from basic re- 
search laboratories. ^ . . fi.!.- 

One then wonders who has responsibility for the support ot this 
basic research effort. Drs. Keyworth, Press, and Steyer, and also 
Dr. Bromley, have all, agreed the Federal Government must play a 
central role in maintaining America's basic research. This is also 
the view of the American Chemical Society^ r, o n f^^oi 

According to the NSF series, Fedeml Funds for R. &D., total 
Federal funding for basic research in chemistry was $290 million in 
1981 The Department of, Energy and National Science Foundation ^ 
provide half of all the Federal funds for basic chemical research. 

While NSF supports only about 10 percent of the total basic 
work in' chemistry nationwide, it funds 33 percent of that, done in 
universities. What other sources of support exist for basic research . 
in chemistry? This is of particular concern while we are talking 
about what other alternatives we might have. . - 

A few private foundations with limited resources are active in 
funding this research. For example, following World War II, re- 
sources from six major petroleum companies were used to estab ish 
the petroleum research fund, a charitable scientific and education- 

.^^ The American Chemical Society administers the distribution of 
income fr'om this trust fund ta support advanced scientific educa- 
tion and fundamental research in the petro eum field. 1 might 
point, out , that most of these -funds support chemical research at 

""l[nS2f about $7 million will be distributed. Irf recent years, the 
society has been exploring the possibility of creating another pri- 
vate fund patterned after the petroleum research fund for the sup- 
port of basic, chemical research- This point I think is very signifi- 

To date, results have been very discouraging; industrial leaders 
generally have not been supportive of such an effort. 

Still, the chemical industry has a long history of supporting basic 
chemical research in universities through special grants, tellow- 
ships, or cooperative research projects. . ,^^„ 

We note, however, the extent of such support is relatively small. 
According to a survey conducted by the newly formed Council for . 
Chemical Research, chemistry departments received an estimated 
$14 million, and chemical engineering departments $12 mil ion 
This level of support for chemistry, when' added to tj^e 5>T mi Hon 
from the petroleum research fund, is small compared to Federa ex- 
penditures of $290 million for basic chemical research, over half of 
which goes into academic research. . r u • '„ 

In our judgment, the responsibility for the support of basic re- 
search in chemistry lies clearly with the Federal Government. 
There absolutely is no" indication that the industrial community 
• can or will shoulder any significant increased proportion of the , 
burden for funding basic chemical research in universities. 
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A funding policy based on such an assumption is unrealistic. Is it 
# too e^rly to assess the impact on phemistry of the'R. & D. tax 
credit provisions and the increased deduction for instrument dona- 
tions enacted last year as part of the Economic Recovery Tax ^Act. 
It is hoped that the credit truly is an additional incentive to indus- 
try to increase their support for research overall. 

The American Chemical Society agrees with Drs. Press, Stever, 
and Keyworth that when resources are limited, a sound approach 
is to fund only the best proposals. Merit of each individual proposal 
should be the basis of the funding decision. 

In recent years, peer review has been the basis for proposal selec- 
tion In our opinion, the System has worked well. The quality of 
basic research supported by most agencies has been yery high. 

At present, the NSF chemistry division is funding only on§j)ut of 
five proposals it receive^ from first-time applicants. To^ol^edively 
identify th^ best proposal out of these five without expecting some 
differences in evaluation is unrealistic. No known evaluation 
system can meet such a challenge 100 percent of the time because 
a component of subjective value judgment is involved in proposal 
evaluation. 

There is currently little evidence to suggest that additional sav- 
ings can be gained without scientific loss.- This is supported by the 
findings of seven specially appointed panels that reviewed the oper- 
ation of the chemistry division at NSF. Without exception, the 
panels praised the w^y the chemistry division insures that only 
high-quality research is funded. 

Another effort to evaluate Federal basic research programs is 
currently underway. panel has just completed the evaluation of 
the basic energy science programs of the Department of Energy. 
Dr, Bromley and I both serve on that panel. 

' As a member of the panel I can say that of the programs exam- 
ined, we found very little evidence of* poor or even second-rate sci- 
ence. 

On the contrary, there is evidence that the current limited basic 
research budgets are seriously hampering desired scientific devel- 
opment. For example, the competitive nature of the selection proc- 
ess is having a strong negative impact on young investigators who 
are tomorroiv's scientists. 

Those who are new to the system, who are just developing' a 
reputation, and whose record of accomplishments i^^iiinlted, are 
having a terrible time obtaining funding. In fact, our. observations 
lead us to believe tHat the country's basic research effort is under- 
funded and r.eal benefits woUld flow in the years ahead from an in- 
crease in the funding available for this enterprise. 

Increased DOD support of basic research in universities and in- 
dustrial laboratories would help remedy' some of this underfunding 
situation. 

Selecting basic research projects which will- pay off is a tricky 
business. In fact, it would be* far easier to select the Super Bowl 
winner at the beginning of the football season. In our case, we un- 
derstand the nature of the contest, but the schedule is mostly unde- 
fined; we do not know ahead of time what we might run into. Fur- 
thermore, our strategy and execution are hampered when the rules 
are changed without notice. " - 
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So, far> our best course of action seems to be to give a la^ge 
number of bright, innovative investigators a chance to ask mature 
questions m many areas. From the aitswers, we expect to realize 
progress. We agree with Drs. Stever^ and Press that the country 
would prpfit* greatly from an increased effort in basic research, 
...both industrial and academic. • ' * - 

It^is important that the Federal Government vievy support ot 
basic research in terms of supporting the research system in 4^ to- 
tality. Three other' issues deserve comment in this regard. .They 
are: U) continuity of research support; (2) condition of instrumenta- 
tion in our • university laboratories; and (3) manpower problems 
which we see for the future of chemistry and America. 

At present, one of the most serious problems in the administra- 
tion of the country's basic research effort at all levels relates to 
sudden budget cuts and withdrawal of funds. The American Chemi- 
cal Societv enters a strong appeal for increased stabilit}^^ the 
funding process. The Natipn should make a long-term commitment 
consistent with its long-tei-m scientific and econon)ic goals 

Lacking definite suggestions for long-term solutions to the stabil- 
ity-of-fundmg problem, the society joins those in the scientific com- 
munity and the Congress who urge that the problem be carefully 
examined. The American Che/nical Society would welcome the op- 
portunity to explore with appropriate Government officials possible 
solutions to this problem, ^ . * ' . /*• i 

One additional problem which concerns the American Chemical 
Society is the reported inability of U.S. colleges and universities to 
provide the instruments and equipment necessary for student in- 
struction and the performance of research by faculty and staff. 

The consequences can be severe when new instrumentation or 
equipment cannot be obtained, or when obtained, cannot be main- 
tained properly. A number of surveys, including one by the ACS, 
are underway in the area of scientific instrumentation. Attention 
will be given in the ACS survey to the wisdom of using funds origi- 
nally intended for research projects to provide research instrumeni 

tation. „ , . u 

AlLthese issues^specially Funding, warn of a problem we beiie^^e 
* lies ahead. Will the United States have an adequate, number ot^ 
chemical professionals to operate the chemical enterprise in the 
next 5 years? We believe there is cause for concern, Already there 
IS a very serious shortage of Ph. D. analytical chemists and chenv- 
cal engineers. This problem is so severe that a chemical industry 
panel is investigating o§r options as a profession Survey data indi- 
cate that the shortage of professionals will g^t worse before it im- 
proves, and that it will soon involve all branches of chemistry, not 
iu'st analytical chemistry and chemical engineering, 
' In 1970, the United States produced 2,235 Ph. D. s in chemistry. 
That was our high watermark, 2,235; since then there has been a 
steady downturn. In 1980, the country produced 1,538 Ph. D. s in 
chemistry By way of comparison, 1,594 Ph. D. chemists graduated 
in 191)6, so in 1980, we are below 1966. And the supply in 196b was 
judged inadequate for tj^e Nation's needs. . r ^- oo 

To further complicate Our current problem, a sizable traction, 
. percent, of tHe 1,538 Ph. D.'s produced in 1980 was composed of for^ 
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.eign nationals, must of'' whom will not be available for the U.S. 
labor force because of immigration law§. 

Further, the number of U.S. citizens reaching the age of 18 will, 
be declining over the next 10-year period from 4.2 milliorj in 1980 
to 3 3 million m 1990, and these are firm numbers. And the inter- 
est of high school graduates in science and mathematics is declin- 
ing We have good reasons to be concerned over these facts. 

Up to the present time, our presentation has not addressed the 
question of possible savings in the R. & D. sector. We agree with 

' Drs Keyworth, Press, and Stever that applied research and devel- 
opment are principally an activity for the private sector and will 
be pursued by industry except in the special cases of defense, space, 
and nuclear technology. As Government moves out of applied re- 
search, development, and some demonf>tration activity, the funds 
libertrted niight profitably be used to support basic research. 

> Our testimony contains a summary which I will not read at this 
time The contribution of the chemical sciences to the economic 
growth and to an im{5roved standard of living in the United States- 
in the past decades is weH documented. The. society appreciates 
this opportunity to urge tHaf the knowledge base which has made 
this progress possible be maintained in a healthy condition by ap-- 
propriate funding of scientific research. v 
Tbank you for this opportunity to appear before yoq. 
(The prepared statement of Robert Parry follows:] 

Prki'arkd Statkment of Dr. Uohkrt W. Pahky, Pkesioknt, 

* ' AmKKICAN CuKMICAt SOCIBTY 

Mr Chairman and members of the House Committef on Science and Technology, 
the American Chenucal Society welcomes this opportunity t( ' "esent atb viewb on 
V S science and technology under budget stress. We hope that ttie Society'^ com- 
menu will be of value m your deliberiilions. I api^ear befor^i you today with the au- 
thori/ation of the Board of Directors of the American Chemical,Societv. Accompany- 
ing me IS Dr Fred Babolo» Morrison Professor of Chemistry at Northwestern Uni- 
versity, and President-Elect of the Arperican Chemical Society. 

In earlier testimomes given to this Committee by Drs. Keyworth, Press, Stever, 
and Bromley, the cabe \Na§ made f* science in general While mahy features unite 
the various scientifu disciplines, these disciplines also differ in tbeir organiwitionaL 
patterns and in their top-priority research needs For example, in high-energy phys^^-., 
ics an accelerator may hold the key to progress, in astronomy , a large telescope maj ». 
be central to future ad\ancement On the other hand, progress m chemistry arises 
from a sigmficant number of small, but well-equipped laboratories. Todtiy^- my re- 
marks will focus on the research needs in chemical science. 

Our review of testimony given by Drs. Keywortji, Press, Stever, and Bromley has 
^indicated a number of areas of agreement. First, uV have commented positively on 
the social benefits of research In this context, contributions made by chemistry to 
our national progress are most impressive. Everything in our physical worJd is 
made of material that lends itself to transformation, substitution, and pttiservation. i 
These activities aro*carried out through chemical science and technologyr*Wost sci- 
entific dftciplines, ranging from molpcuUir biology Jto astronomy, make use o'f chem- 
rstr> A large number i>{ industries practice chemistry in ^he manufacture of theit . 
products The routine o^nalytical sciences which support th^ nation s health efforts 
use chemistry In particular, medical testing and monitoring of food qualfty rely on 
methodology and instrumentation developed by chemist^ Even forensic investiga- 
irons in police work depend on chemistry Chemistry m nqw helping to identify and 
solve the problems associated with proper disposal of wastes ©f all types. Chemistry 
IS truly the "central science." ♦ , 

Chemistry, as a teC^ '^gical area, is directly responsible for at least 6 percent of 
the gross national product In addition, chemistry plays a supporting role m food 
production and a crucial role m ouc^ energy technology These areas alone account 
for over 30 percent of the gross national product The foregoing facts emphasize the 
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importance and Avvrbitv of chcimbtry in our economy. Other specific examples are 
of interest Ba^ic re^eaali m photochemistry, physical chemistry, and solid state 
chemistry contributed to the dexelopment of the silicon integrated circuit and to the 
development of optical fibers- Both developments resulted in startling changes in ^ 
the communication industry. In the history of x:rude oil refining, the discovery ol a 
catalvttc method for crkkinij petroleum to produce gasoline incrieased the gasoline 
Meld to ^U percent, as, compared to a oO-percent Afield of the 'raw crude oil processed 
using previous methods It is estimated that 200 million barrels of crude oil are 
saved each year through catalytic cracking. > . . .u ^u' 

. The potential opportunities for further discoverv 4jnd application in the chemical 
sciences are vast Chemistry is poised as never before^to enter a new period ot Iruit- 
ful inquiry because of advances in theory, discoveries in s/nthetiG chemistry, and 
the advent of new classes of instrumentation , ^ j ur* 

Underlying many aehtevemente, promised for the future is our improved abili|^^^in 
chemical synthesis. We can»now prepare molecules thaUhad been thought too com- ^ 
phcated to' make Just a few years ago. We can even make molecules t)iat had been 
considered incapable of existence. Much more progress is to come Major advances 
are foreseen m the design and synthesis of macromolecules for ever more demand- 
ing applications -For exampje, on the horizon we may see the ultimate in computer 
microminiaturization The "molecular compQl^r," as its name implies wiil use mol- 
ecules for information storage. These molecules are being designed with the help o! 
Nvnthetic and surface chemists. Switching may even be accomplished through rota- 
tion about a cUenaail bond Othef further goals include designing materials appro- 
priate tor the hibncation of artificial organs and for the delivery of drugs to target 
organs or to pJithological cells. ' ' . • n'o i? * u 

What drives vthis technological machine which serves society so weJP Ev^ery tech- 
nological adCance had its origin in or was heavily dependent upon ideas and experi- 
eiicV emanating from basic research laboratories. One then wonders who has the re- 
sponsibility kfc the s|iPlx)rt.of t|)is basic research effort^Drs Keyworth, Press. 
Stever and Broml^v all agree that the federal governinent\nust pt^y a central role 
m maintaining America's basic research, and that is.aiso the view of the American 
Chemical Society ' ^ ' \ ^ . . i ♦ »» 

Acgording to the NSF series "Federal Funds for iResearch and Development, 
total federal tundmg^of basic cheniicar research was $290 million in 1981 ^»xj^ae''- 
al agencfes are the major sources of funds for such research in chemistry the Na- 
tional Science Foundation, Department of Energy, Department of Defense Depart- 
ment ot Agriculture, Environmental Protection Agency, and National Institutes ol 
Health DOE and NSF provide half of all the federal funds for basic chemical re- 
search While basic research supported by mission agencies certainly adds to the 
store of chemical knbwledjje. that -basic research is not likely to exploit opportuni- 
ties whaJh exist outsHde the missions of these agencies. Thus, the National i^cience 
Foundations support of basic chemical research is extremely important to the ad- 
vanc-ement of the science on all fronts, because NSF tries to ensure that oppoi-tuni- 
ties in basic research not explored by the mission .agencies are met through Nbf 

^'^>fsF"cl^support tht- bold idea/lhe fresh intuition, and the out-of-fashion Held 
ti^m which may spring the next major research ^nd technology endeavor bupport 
ot .VSF IS probJblv one of our better long-term uses of federal resources While the 
Ntttumal Science Foundation accouaCs for only about 10 percent of the total basic 
work in chemistry nationwide, it fand.^ 33 percent of al! the university basic re- 
search m chemistry. Thus, the vitality of the research base/esiding in our academic 
institutions depends heavily upon NSF. i i 

According to NSF statistics, m the .1970^ support for basic chemical research 
Irom all sources, federal and non-federirf. varied little m constant doUars The teder^ 
al share tluctaate(t around jfr^ettent whjle industry s share nu^tuated around 50 
percent This later point deservei* comment.- Corporate research, even wheh iatigled 
basic research, is almost always structtnjed to the near-term^ needs of business, and 
looks for a return on investment in»a reasonable time period Thus, industrial re- 
search complements, but is certainly no substitute for federal efforts to advance the 
science of che'^nistry on all fronts , ' ^ , x ■ n k c ■ ^» 

What otluTsource^ of support exist forhasic research in chemistry' A lew private 
toundatiOns with limited resourees are^active in funding this research 
World War IL resources from mx m^jor petroleun^ companies were used to esUibUsh 
the Petroleum Research Fund, a charit<ible scientific dnd educational trust I he 
American Chen^ical Societv administers the distributwn* of income from this trust 
tund to support advanced scientific education and fundamental research in the pe- 
troleum field, A good portion of these funds supports chemistrysresearch at uniVer- 
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suiift» In l*}^>2 abuut $7 millwii Will be dibtributed. in recent >ears, the Society has 
beeii exploring the puissibilil> ut creating another private fund patterned after the 
Petroleum Research Fund for the support for bask chemical research. To date, re- 
sults have been very discouraging, industrial leaders generally have not been sup- 
portive of such an efibrt, \ 

The chemical industry has a longsliistor> of supporting Wic chemical research in 
universities through sp^ial grants, Mov^ships, or;»cooperative research projects We 
note, however, the extent of «uch suppRvrt is relativelv small There is an effort afoot 
to improve the' situation The Council mr Chemical Research was officially orga- 
nized last year to encourage increased inat^ry support of university research in 
chemistry and chemical engineering, and to wcpand overall interaction in other 
areas of common inter^t The Council conducted a surve> to determine the amount 
of money industr> contributes to universit> departments, of chemistry and chemical 
engineering The Council found that in 1980, chemistry departments received an es- 
timated $14 million, and chemical engineering departments $1^ million. This level 
of support for chemistry, when added to the $7 million from the Petroleum Re- 
search Fund, is small compared to federal expenditures of $290 million for basic 
chemical research, over half of which goes into acadelnic research. 
In our judgment the responsibility for the support , of basic research m chemistry 
clearly with federal government There absolutely is no indication that the 
industrial community can or will shoulder any significant increased proportion of 
the burden for funding basic chemical research in universities, A funding policy 
based on>s^jch an assumption is unrealistic 

It IS too early to a^ess the impact on chemistry of the R&D tax credit provisions 
and the mcreased deduction for instrument donations enacted last year as part of 
the Economic Recovery Tax Act. It is hoi^d /that the credit truly is an additional 
incentive. to industry to increase their sfiippprlJ for research overall, " 

It does seem, however/that the incentive is/ not sufficiently attractive \o cause the 
chemical industry to assume a level of support for basic research in universities 
that is significant compared to the current ^irect federal effort. 

As to stimulating iYi house R&D, Dr, Keyworth has Stated that the Administration - 
estimates American industry will increase its investment by $3 billion over the next 
five years, largely in the area of applied research and development. We hope this 
prediction is realized The increase would substantially benefit the nation. 

The funding pattern of the chemical industry's in-house R&D is even more prpm- 
ising Traditionally, the chemicals and allied products industries have invested 
' heavily in R&D Most of these expenditures have been financed with the companies' 
internal funds In other industries such as aerospace^ the federal government paid 
for most of the R&D Th^ Chemical & E^ngineenng Ne>vs annual R&D budget survey 
of the largest basic chemical companies January 18, 1982 issuej reveals an increase 
m R&D expenditures of 21 percent, from $1.85 billion in J980 to $2,24 bilhon in 
1981 A grow»th of 17 percent is expected from 1981 to 1982, 

If we accept the premise that the federal .government bears the major and almost 
exclusive responsibilit> for support of basic rejsearch in chemistry, and that science 
* ^ policy must work within the constraints of economic policy as outlined by Dr. 
Key\vprth. we then must examine the nation's options for funding science. As l)r. 
Kejrworth noted, science is central to our problem-solving ability, Tp quote him.- 

* Science is a critical factor in determining our ability and readiness to meet the 
•problems* of the unforeseeable future No one can tell dt this time what all the prob- 
lems of our societ> ui|l be B£it we can be sure that many of them will be inextrica- 
bly tied to science, and that our future problem-solving capability wUMengrtd on 
the depth and breath of our scientific knowledge, particularly upon thetype of 
' breakthrough that comes from basic research." , 1 

The American Chemical Society agrees with Drs, Preiss, Stever and Key worth that 
when resources are limited, a sound approach is t'6 fund only the best. Merit should 
be the watchword, merit of each individual proposal should be the basis of the fund- 
ing decision Imposing geographic or institutional constraints on agencies for award- 
irig research grants is difficult to justify, particularly in tight budget years. In > 
^ recent >^ars peer review has been tho/basis for proposal selection. In our opinion 
the s>stem ha^ worked well The quality of basic reseairch supported by most agen- 
cies* has be^n very high. ^ ^ - I 

At present, the NfSF Chemistry Division is funding only one out of five proposals 
4t receives from first time applicants To objectively, identify ^the best proposal 
among the top two out of these five proposals, wWiout Expecting some differences in 
evaluation, presents a challenge nb known systelli caiji yet meet A component of 
subjective value judgment is involved There is currently little evidence that addi- 
tional savings can be gained w^ithout scientific loss. Thi^ is supported by the findings 
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x)i st>%en ^pix•tallv am^^.uitvd paih L. thai reue%sed the operation of the Chemistry Di- 
vision at NSF Withi.'ut exception, thi* panels prai^ea the \^ay the Chemistry Divi- 
sion ensures that only qualit\ research is funded ' ^ 

Anothtjr effort to evaluate federal basic research programs is underway A panel 
hdft just completed tho evaluation of the Basic Energy Science Programs of the De- 
pjirtjnent of Energy As a member of the panel, I can say that of the programs ex- 
anitiied. we found verv little evidena* of poor or even second-rate science 

Since the ACS agrees that the .scientific community has a responsibility tc join 
^vlth government to ensure the quality of the basic research to be supported, we 
>^auld be happv to assist government agencies in the evaluation of chemistry pro- 
gram^ This job would not be an easy one The data from the NSF and DOE evalua- 
tions mentioned previously suggest the no significant savings can be expected from 
increased screening among projects in the basic chemical research area , . . ^ 

On the contrary, there is evidence that the current limited basic research budgets 
are serjousiy hampering desired scientific development For example, the competi- 
tive nature of the selection process is having a, strong negative impact on young in- 
vestigators who are tomorrow's professors Those who are new to the systern, who 
are just developing a reputation, and whose record of accomplishments is limited, 
are having a terrible time obtaining funding In some.cases, their inabihty to secure 
funds has been }i^d as a basis for.denying them tenure Manv are doing high qual- 
itv work which could well lead to great scientific advances The ACS believes that 
when young investigators lose funding, the country is the real loser Also, many es- 
tablished investigators who have difficulty maintaining support for their research 
p»t)urams under the current highly competitive conditions are dropping out ot the 
research enterprise Their yalue to the system as research«:^nd as teachers, is 

^^To^summame several points made so far.^ American Chemical Society be- 
lieves, along witfc Drs Keyworth, Stever, and iTvss, th; only top qualiW basic re- 
«^;arch should be^ supported. We note that recent reviews give NSF and the Basic 
Energy Sciences Section of the Department of Energy good marks for their selection ^ 
ot very high quality research projects We stand ready to agsist the federal govern- 
ment in further-evaluation of the nation's basic research efforts, but as yet there is 
no evidence to suggest to us that poor quality research is being supported In fact, 
our observations lead uS to believe that the countryoS basic research effort is under- 
- funded and real benefits would flow in .the years ahead from an mCrease in^the 
funding available for this enterprise. -Indreased DOD support of basic research in 
universities and industrial laboratories \vould help remedy some of this undertund- 

^"L^leafng basic research projects wl>ich will "pay off* is a tricky busine^ In faetf' 
U would be far easier to select the Super Bowl winner at the beginning of the toot- 
ball season. In our case we understand the nature of the contest, but the schedule is 
mostly undefined, we do not know ahead of time what we might run into further- 
more our strategy and execution are hampered when the rules are changed without 
notice So far, our best course of action seems lo be to give a large number of bright, 
, innovative mvestigators a chance to ask questions about nature m many areas 
From the answers, we expect to realize progress. - . rj- r „^ 

It IS tempting to believe we can look at disciphnos or segments of disciplmes and 
.see which areas will be fruitful, and which should be abandoned. Some poople even 
believe they can suggest which questions should be asked Science and scientists, 
however, have a poor track record here Just before the turn of the century se vera ly 
very influential scientists indicated that all great discoveries in physics had been 
made Irt their Judgment the physics of the future would concentrate on defining 
kno%vn constants at a higher level of accuracy A comparison of the world ot 18^0 
and the world of 1980 would indicate how wrong they were, Imagination coup ed 
with ingenuity pavs ofP We agree with Drs. SteVer and Press that the country 
would profit greatl> from an increased effort in basic^^esearch, both mdustrial and 

academi^-_^^^^^ that the federal government view support of basic research in 
terms of supporting the research system in its totality. Three other issues deserve 
comment in this regard. They are iD cojitinuitrof research suppprt. (2> condition of 
instrumentation In our university laboratories, and (3) manpower problems which 
we see for the future of chemistry and America. j £ • ♦ *• • a 

At present, one of the mostlserious problems in the administration of tbe coun- 
try fe basic research effort at all levels relates to sudden budget cuCsf and withdrawal 
of funds. The American Chemical Societv enters a strong appeal for increased stabil- 
ity in the fundingiprocess. The nation should mako a longer term commitment con- 
sistent with its long-term, scientific and economic goals. 



ERLC- 



• 341 



Abrupt reductions in support for research are extremely wasteful of human re- 
sources Discouraged scientists who leave the field for other emjjloyment become ob- 
solete and cannot return to research. j\ lon^ lead tiJne th^^ is required to rebuild 
the scientific manpower base. As will be shown, current projections mdicafe we can 
ill afford future losses of manpower in' chemistry, in par^cular, the Ph. D. chemists 
^itpon whom research depends. 

The federal government bears the responsibility for maintaining funding stabli- 
lity, since it supports mqst^ of the basic research in the U.S. At this point, we know 
of no enforceable way to ensure stability in federal funding. The concept of a multi- 
year autborization is good in principle ,It would allow the &ngress, .with the cooper- 
ation of the executive branch, to set the upper limits in funding for different re- 
search programs The major stumbling block, iiowever, is the appropriations process 
,?vhich is normally an annual exr cise, and which even went through thrde cycles 
lastj^ear. 

Lacking sound suggestions for long term solutions, the Society joins those in the 
sci^tifie community and the Congress who urge that the problem be carefully ex,- 
amiifed The American Chemical Society and many other members of the scientific 
community would welcome the opportunity to explore with appropr^te government 
officials p^fble solutions to this problem. We note further that the sudden*breation 
and equally sudden termination or reduction of maSsive scientific and development 
programs— such as the space and s^nthetit fuels program— can have, a very senous 
destabilizing effect on the entire scientific establishment. A sudden surplus of scien- 
tists due to termination of a large program can create problems in the recruiting of 
students ft raises questions of employment security in their minds. Scientific prog- 
ress in the future will suffer. 

Our colleges and many, if not most of, U.S. research universities are struggling 
with inflating costs^ decreasing enrollment, and various facility problems. One prob- 
lem which concerns the American Chemical Society is the reported mabjlity of U.S. 
collies .and universities to provide the instruments and equipment necessary for 
student instruction and the performance of research by faculty and staff. This prob- 
lem has J>een discussed widely in anecdotal terms and by one, survey report pub- 
lished hy the American Association of Universities tAAU) The AAU survey showed 
a significant discrepancy between the age of university and industry instrumenta- 
tion and equipment The most significant Consequence of this situation is that the 
training of students as experimental scientists is neither in keeping with the needs 
of industry nor with that of the discipline. Replacing worn-out instruments and lab- 
oratory equipment, and updating laboratories with new, significantly advanced in- 
strumentation> are extremely expensive propositions. Advances in instrumentation 
have been occurring at a furious pace, principally because of advances an electronic 
hardware and computers: 

The (Consequences can be severe when n6w instrumentation or equipment cannot 
be obtained, or when obtained cannot be maintained properly. We are especially 
concerned because this. is occurring at the same time investigators are being dises- 
tablished by insufiicieht research funding. 

Research laboratories which are either improperly or inadequately equipped 
spawn inefficiencies, Mupn valuable time is lost when both students and faculty 
must struggle and improvise to obtain the instruments and equipment needed for 
their Work. 

NSF and GAO studies are underway on the instrumentation problem. In addition, 
the review by the Defense Science Board of the research and education capabilities 
of universities will include an examination of research equipment needs. ACS also 
has a survey underway in the area of chemical instrumentation. Attention will be 
given in th^ ACS survey to the wisdom of using funds originally intended for re- 
search projects to provide research instrumentation It is ho"^ these efforts will 
shed further light on the situation, and provoke some new thmking on how to deal 
with it Addititnally, attention needs to be given to the difficulties encountered by 
universities and colleges in selling and giving away equipment purchased with gov- 
ernment funds Current regulations make transfer of equipment between institu- 
tions difficult 

All these issues, especially fundiiig, warn of a problem we believe^ lies ahead. Will 
the United States have an adequate number of chemical professionals to operate the 
chemical enterpri^ in the next 5 years'* We believe there is cause for concern. Al- 
read> there is a very serious shortage of Ph. D. analytical chemists. TbK problem is 
^ severe that a chemical industry panel is investigating our options as a profession 
Further^ the shortage of Ph D chemfcal engineer^ is a very critical national prob- 
lem Survey data indicate that the shortage of professionals will get worse before it 
improves. 
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Utita in the rect-ntiv pubhahed Sciwia* Indicaton, 19S0 give a perspective on the 
'Mze oi the human cumponunt in chemistry md related fields In 1^78, there were 
Uo^TilU^juhenusts and 5T,6UU chemical engineers employed in science and engmeer*^ 
ing Based on these figures, we estimate there will be 135,400 chemists and bl lOO 
chemical engmeers m science and engineering jobs in 1982 Sixty-five percent of the 
chemists and percent of the cheniical engineers worii in R&D, with the engineers 
cvncentraied m development, and the chemists evenly distributed among basic re- 
i>earch, applied research and de\elopment<,and R&D management Next to R&D, the 
largest concentration of chemical professionals is in production and inspection, with 
lb percent of the chemists and 23 percent of the chemical engineers in these fields 
.The thicd largest caU»gor> is teaching, where U percent of the chemists and 3 per- 
cent of the chemical engineers are found. , ^ ^ 

lij maintain this sizable establishment, our nation's colleges and universities turn 
out trained chemists at three levels, B.S,, MS., and Ph. D A major protion of the 
chemical research and development worK of. the country is spearheaded by well 
trained Ph D.s. The supply of chemistry Ph, D.s, therefore, concerns us. In 197J), the 
United States produced 2,235 Ph. D.s in chemistry That was our high watermark 
since then there has been a steady'tdownturn In 1980, the country produced l.o38 
Ph Rs in chemistry. By way of comparison, 1,594 Ph'D chemists graduated in , 
ly6b^nd the supply in that year was judged inadequate for the nation's needs To 
turther complicate our current problem, a sizable fraction (22 percent> of the 1.538 
Ph D.S produced in 1980 was composed of foi^eign nationals, most of whom will not 
bt» avadable tor the U.S, labor force Further, the number of U.S. citizens reaching 
the age of l^ will be declining over the next 10-year period (from 4.2 million in 1980 
to 3 i million in 1990' and the interest of high school graduates in science and math- 
ematics IS declining. We have good reason to be concerned over these facts and 
trends It appears the pool of talent required to operate America's chemical enter- 
prise is shrinking at a time when opportunities for discovery and development are 
on the upswing American industry will suffer from an inadequate pool of technical 
manpower The problem dt^rves serious examination by industry and academia, 
and particular!) by government, since it is closely coupled to funding'of research 
and developm*rtt. > . • r • 

Up to the'present time, our presentation has not addressed the question of possi- 
ble savings in the "R&D sector- We agree with Drs Keyworth, Presg ^nd Stever that 
applied r^earch and development are principally an activity for the private sector 
and will pursued by industry except in the special cases of defense, space, and 
nuclear technology As government moves out of applied research, development and 
some demonstration at:tivity, the freed up federal resources might profitably belised 
to support basic research. . . 

Difficult decisions are involved in achieving the necessary overall savings in the 
broad array of federal programs runnihg from research to development and demon- 
^tratlon. These ajre policv decisions which mvolve the consideration of many more 
lactors than only the quality of the work performed. In general, we welcome any 
opportunity which federal agencies give the scientific community to participate in 
policy decisions. The American Cehmical Society stands ready to cooperate with 
agencies m setting-up review panels in.agencies^where they do not already exist 
The Society hopes that, the agencies will utilize the advice of these panels in formu- 
kiting R&D policies and allocating R&D funds. 
I should reiterate that betting priorities among NSF research thrusts is extremely 
• ditTicult given the fact that the Foundation has. the charter for broad support of re- 
search across all fields, and that the potential of basic research projects cannot be 
evaluated preciselv. A similar ranking of research programs in mission agencies 
would be somewhat easier sinfte these programs can be ordered according to the 
extent tlu>\ are expected to advance the mission ofthe particular agency 

lu conclude, I note that Dr. Key worth has cited the example of the high-energy 
physics community completing a ranking of research priorities within its field The 
American Chemical ^oclely congratulates the high-energy physicists for their atvom- 
piishment and hope we can learn Trum thei^ experience We should point out. how- 
evt?r. that chemiMrv, in contrast to high-energy physics, is a wide ranging field 
where a diversity of thiusts and opportunities for research exusts Setting priorities 
among all theM» thrust* would be much more difficult than within a relatively 
narrow tleld of investigation such as high-eneitry physics^ . , . 

Mr Chairman, our te^stiniony tan be summarfzed in the following eight points 
I Chemistry is> a central ' science with a tremendous impact on the present and 
Uiture economic vigor ofthe country 
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2 The federal government has significant responsibility for the support of basic 
research in the USA Industry will not take up the slack from inadequate govern- 
nieht funding. " . , 

3 Currently available information on the two major agencies fundmg basic re- 
search in chemistry indicates there is little hope of effecting major savings m basic 
research budgets by more careful "discrimination and area selection," While the 
thesis sounds attractive, the results of current evaluations indicate that cuts will 
involve •'muscle, not fat " Still the American Chemical Society stands ready to co- 
Oprate and assist in any evaluation projects undertaken by the government. We 
pledge our help if needed. 

4 Considering that NSF can fund only one in five research proposals by first-time 
applicants, the American Chemical Society believes that an increase in the basic 
chemical research budget is justified. 

5 Continuity and stability of research support is a major problem'in basic re- 
search management Abrupt changes and uncertainties in funding cause very seri- 
ous management problems which can have a negative impact on. the entire research 
enterprise. This problto deserves the attention of all of us. 

6 Recent reports sujfgest that US. academic laboratories have aging* and inad- 
equate equipment in chemistry The ApS is mvolved in ascertaining the severitytof 
the situation, and what should be done to correct it. 

An eytrapoiatioft from current data suggests that there could be a severe prob- 
lem m the next five years in relation to the supply of chemical professionals, in par-^ 
ticular Ph D.s. *^ ^ 

« With few exceptions, applied research and development is an area for private 
rather than public support. A shia of federal funds from these areas to basic re- 
' search could be beneficial. 

The contribution of the chemical sciences to the .economic growth and- to an im- 
proved s^ndard of Hfring in the United States in the past de?ad^ is well docpment- 
ed The Society appreciates this opportunity to urge that the knowledge base which, 
has made this progress possible be maintained in a healthy condition by appropriate 
funding of scientific research, 

■/ 

. Mr. FuQUA. Thank you very much, Dr. Parry. 
Our next witness will be Dr. James Watson, Nobel laureate and 
member of the delegation for basic biomedical research and direc- 
tor of the Cold Spring Harbor Laboratory iri New York. ^ 

STATEMENT OF DR. JAMES WATSON^ ^OBEL LAUREATE, 
MEMBER, DELEGATION FOR BASIC BIOMEDICAL RESEARCH, 
AND DIRECTOR, COLD SPRING HARBOR LABORATORY, LONG 
ISLAND, NEW YOR|K 

Dr. Watson. Mr; Chairman, I come here, as a member of the Del- 
egation for Biomedical Research but I should' say we are a rather 
informal group and the views I express are my own. 

I have read the earlier statements of Dr. Keyworth, as welhas 
Dr Press, and Dr. Stever. I will frame my remarks largely in t6rms 
of my reactions to Dr. Keyworth*s summary of the Reagan adminis- 
tration s position on the current state of American science. 

I will talk about several matters. One, is his view that a shake 
out now in science funding wouldn't be a bad thing because we ^ 
have expanded rapidly and there is a. lot of waste' in the system 
and that only in times of adversity will we face up to rot. . I can 
only comment about those areas that 1 am personally coiihected 
with. I cannot talk about, say, the national labs, which Dr. 
Keyworth has experience with. Instead I -shall comment on cancer 
research, now believed by many public cifizens to have expanded 
too f*st during the war on cancer— 1972-82— when NCI money 
went up very rapidly. Between 1972 and J9T4 I was a member of 
the National Cancer Advisory Board, and I think then that much 
money was, at best, haphazardly spent. Clearly the money went up 



faster than we hud ideas. And so there was considerable waste but 
not much outrageous rot. , , 

In particular, there were .large contract programs without 
review, except by members of the staff. 1 think these conditions 
have been largely corrected. Today, contracts are only given out 
with peer review from people outside the Natipna Cancer Insti- 
tute. So, today we don't go around talking at length abouJt people 
getting money that shouldn't. That, however, was a frequ^t topic 
of conversation, say as little ^s 4 years ago , ^ ^ 
Jfm^v/as also then the dilemma of what to do about cancer con- 
trol. Congress wanted this effort, and told the NCI m^ially to 
spend $25 million maybe later going up to $100 million. "This Pro- 
L'ram was a total waste of money because there were no good ideas 
except to stop smoking which all too many Members of Congress - 
fedid not want to hear. Maybe we could have .then sanely spent ?3 
miilion. Now, however, the amount of money that NCI receives is 
almost in line with which they can wisely use. With other parts ot 
NIH, money matters begEfn tb get tight as soon after Lyndon John- 
son went out to NIH and said you guys have got to be praetical. 1 
think that was 1966. Up till then we really felt comfortable. But 
since my own efforts over the last decade ,has been in cancer re- 
search I have not been so constricted. But the amount of money 
we .get from NIH for what we calj basic science research is very 
tight now. Many of the good labs are reaching the state where the 
amount of mbney left over for supplies and equipment is drastical- 

AsTconsequepeerR5&-l§r^e a percentage df the NIH grants^'ow 
go to salaries. )Nhen this>appens you begin to pay people to be 
around but. pot for doing science. , . rr. j 

I remember very welj when I was chairman of President Kenne- 
dy's Committee on the Boll Wevil, making a tour of Government 
labs working on cotton insects, to discover over 90 percent ot their 
budgets went for salaries. That meant the boll wevil was going to 
be around for a very long while. Any thought that you were going 
to make it disappear was an impossible illusion when you are 
spending all your efforts to just maintaining the establishment, not 
asking what it is doing. ,. Ir. i. u 

Up till now our Delegation for Basic Biomedlca^Research has de- 
voted most of its efforts toward seeing that NHTcan maintain the 
number of individual research- grants so that we can niaintain a 
fixed number of people doing science. We must also start looking at 
what percentage Of grant moneys goes to salaries. If it is too high, 
you know that people aren't doing competitive science. 

With regard to NSF, there can be little conspicuous waste Far 
too many NSF grants are now almost absurdly small As NSF has 
such a broad mandate it trie^ to cover a vast area, and now^ihere 
are masses, of grants in the size range of $20,000, effectively just 
peanuts, in terms of the total effort of a given research group, bo, 
the major support for biological research has had to come trom 
NIH 

I think those staffs who labor so well in behalf of NSf have had. 
a very difficult time in part because it has been national policy to 
increase the number of institutions doing a first-rate science, was 
say from 20 to 40, to between 100 and 200. 
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Excellent younger faculty have been recruited an^ a nuniber of 
institutions which only marginally did* real research now have the 
capability Yet the size of the NSF has not gone up proportionally, 
*thus the ever decreasing effective size of individual grants. 

Now we must make the choice of either restricting the number 
of institutions that do first-rate science, or* drastically increasing 
the budget which is going to NSF. 

We, of course, have to worry as to where these increased funds 
must come from. Here we might first ask Dr, Keyworth, because he 
says there is all tl|is waste in American science. So I assume K§ has 
already appointed committees to document tKis waste, so that the 
administration and Congress can begin redistributing the money to 
»• where it will not be misused. 

. The second major feature of American science which greatly cdn- 
^cerns me is the education of our potential scientists. Every year we 
increasingly worry that the 0MB is finally going to stop our fellow- 
ship programs. That will bring us back to the late 1940 s when as a 
nation we first decidedN;o encourage people to go into science by 
^ large national fellowhin programs whiclyrecognize the best young 
potential scientists, anjTlets them choos/ the institutions at which 
they do research. 7 

These, governmenbil fellowship program^have given enormous 
vitality to the United States because thejiHBlowed young students 
to take a degfe^-fh one university, to ^^e to another for their 
Ph D , then transfer tp.still another institution for postHoctoral re- 
search So m\ich of the good science that has been done by Ameri- 
cans has been due to the mobility made possible by our rewarding 
and trusting in the good sense of our students. 

I think we should contrast our program to Japan. Now, when- 
ever we say Japan, we get frightened because they do most of 
many things better than we dof In science, however, they don't. For 
example, they have no fellowsljip programs. Effectively 'they treat 
their students lousy, their professors no better and still their jour- 
nalists ask why they don't more often get Nobel prizes. The answer 
is simple: They have an archaic educational system. for science at 
the university level and we have had a marvelous system. 

Now many leading Japanese educators want to change their 
system, and I have been— traitorously— trying to help them. But, I 
don't think I or anyone else will succeed, at least, over the short 
term. 

In contrast we have been a wonderful place for science over the 
past 30 years. Now we have to be very careful that our academia 
does not fall back to the almost second level status we had before 
the Second World War. 

As for the decreasing quality of American insVumentation in 
our schools, this sad state of affairs has been commented on repeat- 
edly m prior testimony and there is no point in repeating such 
statements. I should say, however, that even if we spend much 
more money for instrumentation we shall not netessarily greatly 
increase the number of people learning science, as long as our lead- 
ing universities officially remain so indifferent to whether those 
entering student classes know any hard science. ^i^^ 

Now I think it is impossible to imagine the faculties at say Har- 
vard or Yale or Princeton yoting a science entrance requirement as 
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once they required the classics. They are not going to announce- 
admit-that hard-as opposed to soft-science must bt an integral 
part of any civilized youth's education.^Given such scandelous indif- 
ference by our official educators, how can we provide the carrot 
that might make them change their minds.-' 

Perhaps we should give out Government funds to universities to 
provide instrumentation on the basis of the aniount of advance 
training taken by their students before they. enter. If they enter 
with advanced, standing in chemistry-image the whole class at 
Yale with advance standing in^^cience-they would get more 
money in proportion to those that largely admit scientific illiter- 
' ates. For example, if the students going to Northwestern Universi- 
ty all knew some real science before they go there, then Northwest- 
ern would get much more governmental moneys than their neigh- 
boring universities that happily-haplessl^-try to teach students 
who have never been exposed to quantitative Ideas. 

If a scheme of this sort came into operation, I m sure that tne 
presidents of our major universities, all in constant worry about 
their deficits, and knowing that they would get substantially more 
Federal money if more of their entering students actually knew 
some mathematics, would see to it that their admissions commit- 
tees acted accordingly. ■ , . ,. II I 

Likewise our high'schools have to face up to their dismally low 
objectives with all too many of their students having.no concern 
for hard learning. With the time getting harder financially we can 
assume our youths will work a little harder. But real improvement 
might come by only giving money to high'schools for science equip- 
ment on the basis of how well. they teach their students-that is 
th^ir national test scores. , i , . j 

This goes counter .to the notion that we should be spending the 
matority of our efforts' on those students who- are far behind be- 
cause of past cultural misfortunes. Now, however, I think we have 
to concentrate at least as hard if not harder on those who are now 
our best, candidates, for future distinction in science. 

I don't fear that my proposal, if enacted, w6uld reward only a 
small" number of schools. There are a large number of secondary 
schools in the United States capable of teaching science very well 
'at the high-schbol level, and we might most wise y give them bed- 
eral money largely on hard evidence of their student s accomplish- 

"^I^fear the past proposed remedies— summer school for high- 
school science teachers aitd all that-without asking something in 
return-?will not succeed. - ' 

For they haven't worked very well in the past 20 years and we 
shouldn/t conveniently say it has been because not enough money 
was halded out. The main point is that we cannot continue to be 
the leading nation in the world with our secondary school students 
so indifferent to the need of hard work as opposed to Play-, 

And now to conclude, with my comment on Dr. Keyworth s posi- 
tion that as a country we should try not to be the best in every 
field. Given a nation of our size, to say that there exist major scien- 
tific areas where we do not strive to be the best, is very bad public 
policy I know a university which has quietly proclaimed that they 
only have money to be first rate in physics and mathematics. As a 
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consequence, their chemistry and biochemistry aife non-distin- 
. guished. Once we start saying that some ^American science isn't 
going to be the best, we shall end up not being in second place, but 
in third, fourth or g.ven worse. Unless we try to intelligently plan ' 
to be the best in everything, can the United States remain the 
nation which has done the wonderful things it has done, in the past 
30 years through science? I fear not! ' , 

Thank you. 

Mr. FuQUA. Thank you very much, Drl Watson. 

Our next and last witness will be Dr. Carl Leopold, who is a 
member of the American Institute of Biological Science from 
r Ithaca, N.Y. 

Dr. Leopold^ we are very pleased to welcpme you this afternoon. 
If you wish to summarize your statement^ it will appear ih the 
record in its entirety. 

[The biographical sketch of Dr. Leopold follows:] 



Plant physiologist^ Dr A Carl Leopold, is a William C. Crocker Scientist at^Boyce 
Thompson Institute for Plant Research, Ithaca, N.Y. 

A former Dean of the Graduate College and Assistant Vice President for Research 
at the Universit>,of Nebraska, Dr Leopold has also been a senior policy analyst in 
the Science and Technology Policv Office at the National Science Foundfation and a 
professor at Purdue University He was Assistant Horticulturist with the Hawaiian 
Pineapple Company. 

Dr Leopold nolds the Ph D degree from Harvard University and is a former 
member of the Executive Com;nittee of the^American Institute of Biological Sci- 
ences and Is a fellow of the American Association for the Advancement of Science. 
He is a ip^'^l>€r of several scientific organizations and serves on ftie edbrial boards 
for several scientific journals. ' ^ 

The author of three books on plant growth, Dr. Leopold also has publisl^d about 
200 scientific research papers and numerous ofher articles. He has held a Carnegie 
Visiting Professsorship at 'Ihe* University of Hawaii and has been a H.K. Hayes Me- 
.jtnorial Lecturer at the University of Minnesota , ^« 

STATEMENT OF A. CARL LEOPOLD, WILLIAM C, CROCKER SCIEN- 
^riST, BOYCE THOMPSON INSTITUTE. ITHACA, ON BEHALF 
OF THE AMERICAN INSTITUTE OF BIOLOGICAL SCIENCES 

Mr. Leopold. I would Hke to briefly summarize my statement. I 
have given you written testimony. 

First of all, 1 think you have heard a unanimous voice from each 
of the speakers, both today and iast month, on the importance of 
the Federal role in research funding, and I would "like to comment 
on it just a little further, but with some specifics. 

I believe I would like to open my remarks by emphasizing the 
close relationship between the effectiveness of the R. & D. sector 
and productivity in the manufacturing area. 

The difficulty is that when inflat^a^gets to b^ a binding issue in 
a society, we tend to cut back oa R. ^D. activities even though we 
know that the R. & D. effort contributes enormously to the produc- 
tivity of the manufacturing sector; so this is the situation today 
where an inflationary period is settling on us and we are looking at 
our R. & D. sector and asking that tough question: Should we now 
cut back on ourjnvestment in R. & D., even though we know that 
it is sUch a basic component in productivity. 

I will come back to this matter of productivity in a minute, but 
let me go on to talk about the trend in the research and develop- 
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ment funding Oi Bu)inle> spoke of the comparisons of funding 
and productivity in the United States, West Germany and Japao- 

I would like to continue that comparison using some data that 
were published recently in Science Indicators of 1980, a publication 
from the National Science Board. , j" ^ 

In Chapter 1 civilian research and development is reported as a 
percent of the gross national product in the United States; it has 
risen only 10 percent in the past 14 years. That is, 1968 was the 
high in research funding in comparison with the gross national 

^^Tiie'^comparable value for West Germany rose 30 percent, that is, 
a three-fold higher increase rate. In Japan it rose 2o percent^ Let s 
compare numbers of research and development personnel. In the 
United States since 1968, our number of trained personnel has 
dropped 11 percent, and in West Germany and Japan it has In- 
creased 60 and 65 percent respectively. 

Now if we believe that supporting the R. & D. sector is ultimate- 
ly reflected in manufacturing productivity, then we should expect 
that manufacturing productivity in the United States should re- 
flect our investment in R. & D. since 1968, arid sure enough, durmg 
this same period, manufacturing productivity in the United btates 
has risen 30 percent, and it has risen 85 percent in West Germany, 
and 290 percent in Japan. • . * u i 

With these numbers I would like to make the point that while 
we have essentially been experiencing a plateau of no gain in real 
dollars in the support of R. & D. in the United State since 1968, our 
relative position in respect to productivity has deteriorated sub- 

^*^Each^'of the speakers this "afternoon has mentioned the central 
role of basic research and the development of new areas of infor- 
mation that are relevant to technology. Thg basic research* sector 
IS of course, the source of usually more than half of the new tech- 
nological gains that are made in a given practical field; new tech- 
-nologies spring from the basic research area. Research support to 
the basic sector can be expected to provide approximately half of 
the major improvements in technology. 

For instance may I point, to the new industry of genetic engi- 
neering as a consequence of a basic research program. Genetic en- 
gineering was supported since about I960, principally by the Na- 
tional Science Foundation, as a long-term ^estment in basic sci- 
ence. .Today, of course, it is a new techno^^^^]^^^.in^the 

economic world. uot\7^^,'{a 
How well are we doing in the support or^^f^xch.' 1 would 
like to point out that it is rather discouraging that out of {i total 
R. & D. budget of $35 billion in 1981, only 13 percent of this was 
for basic research. , , ' ^ r 'lu- 

Health-related research,. in HHS received only 5 percent pf this 
R&D budget. The National Science Foundation received 0.9 per- 
cent' of this budget, agriculture only 0.8 percent. This is really very 
poignant, because while the basic research areas receive such small 
support, the military sector receives 60 percent of the K., & U. 

^"Sther component of R. & D. funding aspect which I think is 
relevant for your consideration is the return on your investment. 
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For most nianufattiu mg mdubtiiet>, the return on your investment 
in research usually run* between 10 and 15 percent per year. In 
the past four decades the analyses have shown that investment in 
agricultural research, has produced gains ranging from 24 percent 
per year to 47 percent per year, and some estimates have-'been 
placed at even 90 and 100 percent per year return on investment in 
K & D The contrast with the piilitary research productivity need 
hardly be drawn. ^ 

I would like to make one more point in relation to the funding of 
basic research and that is the funding of research in the plant sci- 
ences has been extraordinarily or uniquely poor. In the plant sci- * 
ences, we are concerned with the commodity which constitutes the 
" principal export from the United States. In the balance of pay- 
ments it is unsurpasi^ed in terms of its importance. I think it is 
very interestftig that plant sciences, which produce such an impor- 
tant commodity, which provide such a very high return on your in- 
vestment, are getting less than one-tedth of a percent of the 
R. & D. budget. r ^ 

I have prepared a little list of problems that I see in the research 
j community, particularly in the biological sciences, in terms of 
^ living with austerity in research funding. First of all, decreases in 
1 funding are more expensive than the simple dollar amounts that 
are'taken away The actual inefficiency produced from interruption 
^ of a continuous long-range program i§ very substantial. 

The second point I would like to make is that the university com- 
munity is especially vulnerable to cuts right now. The numbers 
projections of young people enrolling in universities in the next 10 
years will decline, and Dr. Parry has mentioned thi^ also. This is 
an especially vulnerable time, then, for the universities, and to cut 
the research budget now would be especially difficult for them. 

As a consequence of the noniticreasing funding over the past 14 
years, we have seen the development of a shortage of research and 
teaching positions in the faculties, so that to keep young people 
that are finishing training in the sciences is increasingly difficult. 

A curious thing happens. When you have a hot field like.genetic 
engineering, for instance, h diversion of personnel out of tm aca- 
demic field into industry means that the university conunurjfty 
may*have a particulai*ly difficult time hiring people to te^ch these 
most important areas to students in training. * ' / 

At the research level, the centers of excellence tend to crowd out 
the money; for the smaller laboratories, and yet the smaller univer- 
sities tend to be the source of much of the research staff for the 
centers of excellence. Both Dr. Bromley and Dr. P^rry have men- 
tioned |he prbblems of training of science personnel, and also Dr. 
WatsOn, so I won*t mention that again. 

The regfianch equipiyient problem is ateo very serious. Another 
one is the mamtenance of an/effeCtiv6 flow of personnel into the 
research community. V ' 

As the next to last item, I would like to point out that in my per- 
ception, the re§ea1*ch community is experiencing a combination of 
discouragement about being aljle to maintain effective research 
programs because of the shortage of funding, and along with an in- 
creasing cost in .the competition for mopey..The National. Science 
Foundation has just completed a study of the amount of time that 
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faculty invebt m the search for 'research support. They found that 
at one of the major' universities of the United States junior staff 
were putting in a third of their time in the sJettrch for research sup- 
port. 

I would -like to make one last comment in relation to^JDr. 
Keyworth^s testimony. He said some very nice things about thife^3" 
ence community. He said a lot of the things that we here at^his 
t^ble have said this afternoon about the importance of research in 
terms of maintenance of productivity, in terms of technological ex- 
cellence. But he concluded that research was due for a decrease in 
fundmg. and he compared it to the pruning of a tree to maintain 

its health. * * . , 

I submit to you, Mr. Chairman, that a reduction m research sup- 
port for our community at this time is not the same as pruning a 
tree. It ts in fact much more comparable to^ removal of the supply 
of nutrients, no again, I see no way that improvement in efficiency 
could be obtained by shortening the budget. 
Thank you very much. 

[The prepared statement oj* Pr. Leopold follows:] 
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February 3, 1982 



Testiiaony before th^ 
House Comnittee on Science and Technology 



by Dr. A. C*rl Leopold 
WilliJun c. Crocker Scientist 
Boyce Thompson Institute 
Itbac*, New York 14853 

on behalf of 
The Anericah Institute of Biological Sciences 



I am pleased to appear before this committee to dist^uss Scix^nce £»nd 
Ttchnoloqy Under Budget Stress. 

I belxovc that there is general agreement among the various persons 
wfto have been teatifying before this committee that the >ncreasin(^^y ^ 
technological base of the- country 's economy makes it dependent to a 
W^qe extent upon the advances of science, research, and development . • 
The cajJability for economic growth depends to a coY^sidcrable extent on 
the health and continuity of the flow of uiforraation and skills and 
trained personnel from the science community. 

Federal Role in Re search Funding 

; ^"^^ : ^ . 

For sone thxxty years the federal government has played a rtiajor 
role in suppo^'ting research and development. Such support has proved to 
be a Vital investment in economic growth," and one that provides a good 
return in terns ot enhancing productivity , in addition to providing a 
continually inp^ovcd knowledge of man and his biological and physical 
environment, ThesOia:^f inements in knowledge may be as importanft as the 
contibutions to the economic prodhctivity of the country. For the 
purposes of our discussion today, the present concern about the economy 
causes us to focus our attention expecially on the ocononic returns from 



' ^ * • a52 . • • . ^ ' 

/An interesting article was published by Professor MansfieW frorn^ 
Pennsylvania (Science 209^^1091, X980) concerning the relationship 
between R^C and inflation. He pointed outsat industrial y 
prodt^ctivity IS closely'-related to the level- of R t D support, ^ 
' especiallj basic research done over ^a long ^or>a». He pointed out that 

although improvements m industrial prody:tivity provid^ a strong ^ 
.force against inflation, it xs generally true that a$ inflationary 
' pressures i'ncrease, thete often occurs a discouragement abo^t 

investment in R D, both at the industrial and the federal level. 
In inflationary perxodsy there i5 ^ tendency to cut back on the 

xnvcstnent in R t D, which could othelrvise be pVoviding new potentials . ^ 

ti uop'rove productivity and to'hold down inflation. I believe that the 
^ .jpre^en^ situat:ion of proposed cuts rn the R D budget at a tine bf \ 
inflationary pr^ssbre is precisely the sequence Professor Hansf leld 

described. * , , - O 

" " Trends %in R & D Furtding ^« • 

^ > AS a background, for ny reoarks concerning science and productivity, 

J would like to review, for you some facts which have been published c 
recently in^the report of the Satio^l Science, Board, entit^led SCIENCE 
INDICATIORS, 1980. Theofirst chap^t^of that ' publication describes th^ . 
extent ofMederal support of R fi^D, showing that sinqe 1968 ^here has 
been essentially no increase in support* for t>.^|, se^rtor in terms of 
constant dollar^. I shall use comparative data for the United St>|tes, 
west Germany and Japan in several aspects ot R fi'D. .First, civiliS.?^ 
R fr-D as a percent of the gRp rose 'only 10% in the United States 



aur'mg the past 1*- years; m West Germany it rose 30%, and in Japan 
It rose 25%. In th),s same period, the numb'er of R i D 'personnel in 
west Germany and Japan have increased 60 and 65% respectively. Our j 
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initial dij,5ua:ptiv»» th«» these difforence* m R 4 D should be re'flected 
irl^JBanufacturing produpt ivity, and in fact, during this same p«riod, 
aunufdcturing productivity rose 30\ in the United jStatcs, 85\ in !Vest 
GtSrwany and 290% xn Japan. The point I wish to cwikfr' vith these statistics 
IS that, for 14 years our investment in R i D has shown no increase in 
constant'NiollAr*, and this platoau in *he R « D sector is't reflected in 

■m 

declining strength m terns of R t D personnel and m manufacturing 
productivity, m striking contrast with West iSermany and Japan. 

A Central Role for Basic Research , 
I oxp^ct. that yo^ ate finding complete agreemSnt among t^Jf^e- . 
teotif/ing for your cocCTittee that basic research as the compoi^nt of 

B w D s.ect0£ which is most fragile and is the source of ^yrjexpected 
AQd sixartati.., technolvgical gains. The robketmg of geneti-c engineering ■ 
ijitu the tev hnolcKjicdl arena i-s an iinpressive ^exarapl^of payoff that 
comes frcKn basic rtysearch. the n^w indu&try,* arose after nearly two 
dct-ades of reiSearch support, essentially by the NB^, for. basic studies 

nucleic acids Sustained and steady support of basic re^arch 
naS proved ti.Te and again to prpfide a flow of new, technology^mto 
the oconotny i * 

A' discouraging aspect of the federal R fc D investment i&.its 



dis-tribution. Out of a total R&D budget of '^3S.5 billion m 1981','- 
^ rnly 1J% wc\^ for i^asic x^esearurh even*^hough basic research is known to 
be the inucediate source of* between 40% and 60V' of the advances in 
technology. Heilth-relate*!. j^esearph (HHS) receives only 5\ of tfTe ^ 
R <i D budget, NS? only 0 . 9\,' a^griculture only 0.87\, and the military 
^ receives 60*. It i& a poignant paradox that basic iresearch im/ 

constructive kriowledge areas is encouraged so littljC. The poignancy ^'J^ 
is even more a^uto when onf^ realiies tftat the return on the 
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investoent is very highv In taanufacturi^g Industries ;the return o#- 

research inv«8ta«nt ranges usually between 10% and ISX per year? in 

• - If 

contrast the return on ^United States mvesuaent m agricultural' 
Research m the past four decades has been between 24% and 47% per 

ye/ir^ -It is curious that the country'^s greatest export cowmodlty 

receives so Ixttle' research support and at the sane tiiae it yields 
"Quch hit^h returns. The contrast with tailitary research need hardly 

be drawn. 

BefWW leav^ the issue of the dj(itribution of research 
< '^^ ... ' • ' • 

support, j'l w<^ld liHe tb^TcaXl ybur attention to the singularly low 

research supf^t given to the plant sciences.^ I estimate that an 

" X981 th« federal investwent in plant research -was . less that $25 

»iUion, which amounts to 0.07% Of the R £ Deallocation. Considering 

the central role of plants m the production of food, "an<^ their role 

as the source pf the largest export in the balance of payments with 

other countries, I find it astonishing that plant sciences held to 

this miniscuie^^ropor t ion of R fc D support. 

Living with Austerity, 

Several particular problems niay be anticipated to follow a 

^lessening of federal support for science and technology at this time. 

(1) The interruption of long' term research creates a serious/ 
inefficiency I restoration^ 6f funds' in another y6ar when inf l>tibn>^'^* 
has^^SrOVight under control does not make up for the losses ^ 

(2) The university coBsnunity is^fecially vulnerable to 

financial se^bacXs now and, in the cowing decadQ,^ ^ue ^o the lowering' 

t * 

enroHwents which are already causing financial difficulties on many 

. .a ' 

' cijupvJses and resulting in losses of faculty strength. 
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(3) Tho short;jL9e of r«fi^arch *r«l teaching pcsitiots in 

, anj.ver$ities is resulting m the dispersal of trained personnel often 

J* 'into eoployaenc areas which ar« out sxde of the research sector. , 

(4) Research areas with the greatest technologicai* promise are 
expccially vulnerable to the losses of faculty to business sectors; the ' 
Area of genetic engineering is a good exaaple of one with grost , ' ^ 
technological proirise m which there is a shortage of trained personnel 
for university positions. In a recent editorial, D.A. Dronley 

(Science '213.159, 1981) compared the losses of traiiied people from the 
iinivor&ity sdrJcetpiace to the eating of the seed corn xn the Anericaa^. 
Indian culture. The loss of professionals from the education sector 
v,af]t have an irreversible effect In hinder ;,ng the production of new 
professionals' for lack of people to teach them — an act which alip^st 
guarantees a i^rofe&sional fanine,in the future. The shortage of educators 
'"TOs already occurred in the engineering disciplines, conputer science 
and genetic engineering. 

Another consequence of a shortage in science funding xs that the 
laboca^tories of tnc'stost pronment experts tend to dominate the k 
available rooney , with the consequenc;e that resoarchers at ;]unior levels 
♦And in srtwiller universities may be preferentially excluded^ The 
concentration or fun^1w^**ia the most prestigious l<i^bora tones can " 
seriously wtpede the 4eveio;^;enfc of younger '^taff and can ititerfere 
with the flow of studifltnt training in the ^"rnat^^jr or^ Ic^ornotable 
uni^orsjitiefr. 

the traiaxng Qt!&ciencc p€Xsonr^>.iS <u\*area that.already is in 
*troab^^ Major reductions m science education already in effect'*tarili 
cei[^ti3IK' hinder the tiov of trained scientists-in the future. 
^' Tht\ prs->t>lem of w«sintaining research equipment under the present 
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JbfUdgetary iiftits has been c«ntion*d by each of the" previous testimonios 
you hav« heard. ' - ' 

In A jaore 9ener*l cotx&enx, I would .like to report that there is a 
cocabin4tiOn of disco\u?«genent, about being aJbie to piaintain an effective 
research prografi m the academe laboratories due to the increasing 
liaitation of financing and of students, and ineffeciency in terms of 
the pressures and cocapctition for obtaining research funds. Sotae very 
talented rescarch^srs among oy acquaintances have almost ceased to ^ 
function m research for lack of funds. The competition for grants is 
so Men that' a largQ proportion o£ a, researcher's time is often spent 
.in'cw«tAng for grants, *^;recent study^eax:iMed^ou\by the^NSF 
indicates that m a sample; universit>^, young prpfessors are spending 
an average of one-ttvird. of tiieir tine J)ursuing grants. - 
COCToents on Dr. Keyrworth's Testimony 
X Ijave found the^ earlier testimony of Or. Keyworth before this 
-Coccaxttee to be especially interesting, aria would liije Ip «ake SOxne 
coonents on that testimony. He raade some excellent remarks about the 
inportance of civilian R 6 D, including the following: "Support of 
scicncV'and technology — especially basic research — is a long-tern 
investment t\^*t represent^ an essential element in the foundation of 

healthy econony,"^'. He onphasi;:cs th^atT-th^s .administration views 
basic research «^ a vital investSifent with- a good return, " 'and again 
that', -basic research warr«:^^tS. government -supi^ort because it i«t*^n 
investment in th^ future in a better quality-of^life^ bett^er stfcuritji' 

/ ' '* 

better economy and simply better understanding.^ On the othex hand, 
he feels that: "We "cannot realistically expect to accelerate spending 
for R fc 0 ma period of fiscal a,usterity In his conclusion, he 
state* that "'^the growth that science and technology have enjoyed for 




so many years cannot continue,^ and that changing goals call for 
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chAnges m sciencje policy. Ther^i i% rooo for debate about whether ♦ 
science and technology h*ve enjoyed growth for so teany years^ in view 
of the ^almost unchaftgrng R Debudget xn constant dollars since 1968, 
and- in view o£ the actual decline in national ex^nditures for R * D 
4s a percent of GNP. The intent to cut f the investment of R « D ifi; these 
mf I<&tionary tunes seeos to be an enactment of- Mansfield's ^ "^ ^ ^ 
generalization that inflation discourages investment in R & D which 
would otherwise hold out promise of alleviating inflation.^ 

As a last coDSient, I would like to mention the simile used by 
Dr. Ke^orth about benefitting the he'alth of science by making cuts in 
the budget. He co^;p^ured it to the occasional pruning of a tree to * 
.^^proootc Its health. It: is my opinion that lessening the financial 
support for' science is not coapareible to pruning, but rather tQ a ^^ftk 
^reduction of the nutrients which sustain the tree's growth. iVsee 
no way in which lessen ^9 the financial support. tor science can ^ 
benefit its health, and 1 urge*t^is comrtittee to str^ive for the 
effective maintenance ^of the health of science. . ^ 



V 



358 

Mr Ftuit'A. Thank yuu very much, Dr. Leopold, and all our wit- 
nesses, for yoirf %er> inlbrmative and thought-provoking comments 

Dr. Bromle>, you mentioned priorities and that is one of the big 
problems that we have in this committee. I am sure the adminis- 
tration is trying to establish priorities, where do we spend and how 
do* we accomplish this,, not onlv^ in the R. & D. budget, but also in 
the total budget process as a whole. 

You mentioned that you are not going to give us any help on 
that because it was a political decision, and I agree with you some- 
what. But when we make political decisions and priorities, we wind 
up as Dr. Watson pointed out. maybe emphasizing the wrong 
things or putting too much emphasis, as in the case maybe of the 
cancer research at the outset of thaf program. , ^ ^ 

In the political process, how do we avoid making those types ot 
mistakes, if you turn it over to us or to the administration, .or 
whomever, as long as it is a political body. What we need, I think, 
is really scientific help and assistance as to how we arrive at these 

priorities. i ^ ■ -i.- c\ 

I ask that of you because you mentioned the priorities, but 
maybe some of the other witnesse$ might like to address that qUes- 

'^^^Mr. Bkumley. Let me only sayf Mr. Chairman, that I wish I had 
a clean-cut, concrete answer for you. It is one of Jthe most serious 
problems we face. I think that to expand a little on the shorthands 
used earlier, it is, I believe, largely a political decision. However, I 
beheve that we can have much more effective input from the scien- 
tific engineering communities to the decisions that you gentlemen 

,must ultimately make than we have in the past. , 

For example, ' I am impressed by the extent to which Dr. 
Keyworth has made a point of consulting with the scientific and 

. engineering communities thus far in his tenure. We have heard the 
statement made by him that he plans to reinstitute a senior sci- 
ence advisory committee to bring input from science and technol- 
ogy to the highest levels of Government. , 

I feel, also, that perhaps we have not been utilizing the scientitic, 
engineering,, and technical advisory panels in the agencies to the 
extent that perhaps they might be utilized. We can provide you, 
and we should provide you, sir, with alternatives, estimates ot teas- 
ibihty, estimates of risk, and this sort of thing, to make your deci- 

^sions as informed as they cao be^within our present stat-e of science 

' and technology.' , . , ^ 

Mr. FuQUA. Do any of the other panel members wish to com- 
ment?. Yes, Dr. Parry, ^ ■ ^ ^v. ^ 

, Dr. JBXrry. Mr. Chairman, I believe th^t one' of the..points that 
w^ note is that the kind of result Dr. Watson was referring to fre- 
quently results from a rather emotional or, a rather sudden re- 
sponse on the part of the Government to a problem, be it energy, 
be It cancer, what have you, and we note that the sudden creation 
of these large programs, and then their termination, causes a dislo- 
cation in the- scientific community, which in the end does a lot 
moire harm than good, and I believe that in the creation of many of 
these projects,', adequate scientific advice relative to the reality of 
the options and reality of the goals that are set, would be most 
useful. 
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Mr. FuQUA. I want to point out, tody that not all of the decisions 
jthat the Congress has made have been bad. I recall in the post- 
Sputnik era that I think Congress responded in a very appropriate 
fashion in not only creating the National Aeronautics and Space 
. Administration but also in the various science education programs, 
and" beefing up of the National Science Foundation, in trying to 
cope with what was then a real national problem. I am afraid we 
are approaching that again at this time, that we are finding our- 
selves back in that same posture^ 

Dr. ParIiy. I believe that the decisions which you referred to 
.were extremely good, and I think they were made with a lot of con- 
sultation with the scientific "Community. 
• Mr. Fu^A. That is correct. 

Dr. Parry. As to whatnvas possible. 

Mr. FuQUA. I also want to acknowledge the presence, as has been ' 
mentipned earlier, of Dr. Fred Basolo, the incoming president of 
the, American Chemical Society. We are very happy to have you 
join us. ^ 

I thouglft'one of the gther very interesting points, and I think it 
has been made by many — Dr. Bromley pointed it out— was that we 
not enter into any type of crash program. One of the things that 
h|p concerned me, is that we establish a policy that is well thought 
out, but that we follow through with it. 

I am not concerned about a crash program but a well-designed 
program to achieve the ends, and I think in many cases in recent 
years, withii^piaybe some exceptions, there have been very well 
thought-out programs. * ' , 

The point of stability in program funding is important, because 
you just can*t turn it on and off, as you, can maybe some other pro- 
grams. 

Mr. Brown. ^fj^ 

Mr. Brown. May I say that I have been very impressed with the 
testimony of all the witnesses this afternoon. I think it represents a 
real contribution to our thinking. I was stimulated by the sugges- 
tion that you made, Dr. Bromley, that perhaps we ought to ^pa- 
rate the research from the development aspects in our usual think- 
ing about the R. & D. formula, and I can see considerable merit in 
that. ^ ^ ^ ^ 

I want to just explore briefly the fact, and it is true, yqu have 
indicated, th^ in periods of stringent budgetary^situations we may 
tend to cut unduly in basic research, if we are not careful. We need 
to have a long-term framework for examining this. But I am in- 
clined to feel that there are many in the* Congress, and probab^ly in 
^the public, whose support for basic research is not founded oh an 
iinderstanding of the long-term importance of it, but perhaps is due 
to a feeling that basic research, is always coupled with some out- 
standing public good. ^ 

For example, I comment fairly often that the po$t- World War II 
support for R. & D. may have stemmed from a feeling that when- 
ever you apply science to meeting a problem like defense, it always, 
produces something amazing, like a nuclear weapon or something 
like that. 

And so I raise £he question that if we uncouple them, do we not 
need to do something about inculcating a feeling of strategic impor- 
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tance» that is, the lung-term importance of basic research, and to 
substitute for this ratner emotional cause/ effect the idea that a 
dollar on basic science always causes, a dollar increase in GNP or 
defense? I ask you to comment on that. 

. Dr. Bromley. I would agree with you entirely, Mr. Brown. I 
think that if we face up to it, since World War II support for basic 
research was tied to military questions, and as you well know, back 
in the eArly seventies President Nixon tried' to tie support for basic 

science to energy. r i i.- j 

This has turned out not to be a particularly successful tie, and' 
this is very much behind the reason that I have been arguing for 
the development of a new constituency for science. 

Just as you say, I think that between us— the scientific communi- 
ty, political community— share the respimsibility for developing 
this constituency. I am perhaps a little more optimistic than I 
sense tHht you are, sir, because in terms of science p^i^^se,. I have 
been very pleased in the last yearpr so to see evidence for a real 
hunger oil the part of the public for authoritative accessible infor- ^ 
mation about science. , 

The explosion of popular science magazines— Science 1982, Dis- 
covery, Quest, you name it, new popular scientific TV programs 
and the like— gives me some encouragement that perhaps our task 
isn't going to be as rough as we had thought. 

But we really have to work at it to develop this constituency, and 
I think that if we can separate the R from the D, focus on what we 
are trying to do in the two areas, and the goals are different, that , 
we can do something very worthwhile for the Nation. 

Mr. Brown. Dr. Watson. 

Dr. Watson. Yes. k 

In separating thes^ two, I think we should also separate our^e- 
fense-related science because we and the Russians uniquely are*^ 
doing it on a grand scale, and we have to ask whether this, in the 
long term, is possible. ^ 

As long as we continue our current course we should have a 
tariff on all items from countries which do not spend any real 
money on defense, on, say, every Japanese car there should be a 
tariff to go to support American science. The Japanese . reaction 
would be a sense of outrage, but on the other hand we nov^ right- 
fully hav^ a sense of outrage. Maybe they would balance. This 
move would give us the money to keep doing science at its best. 
As long as we are carrying such a disproportional component of 

. the free wprld s defense effort, we shall deemphasize that research 
which keeps us healthy economically. So at least over the short 
term we should place a modest surcharge on Japanese cars— 
$300?— Japanese TV s, et cetera. Of course, there is an even better 
alternative— that we and the Russians shoul^ decrease our weap- 

*^ons-related research. 

. But if this is ^ot achievable, I think we have no choice but to ask 
ourselves whether the American pure, research effort increasingly 
Has to be less effective than that of other major industrial coun- 
tries. I cannot see our remaining a first-rate country with the con- 
tinuation of our current policy. The sooner we separate defense. 
' R. & D. from the total picture, the sooner Dr. Keyworth will stop 
making speeches with such misleading statistics. 
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Mr Bkown I think you are guilty of coming out with a lot of 
outrageous ideas. Dr Leopold, I liked your analog or your refer- 
ence to the remarks made by Dr. Keyworth about pruning, but 
sometimes these could b^ dangerous analogies. Dr. Keyworth may 
hd\e been thinking about animals rather than plants, although he 
used the plant analogy, where you remove rtourishftient and the 
nutrients tend to be focused in the brain and you^gt^t sharper and 
sharper all the time— you just lose fat, w|^|h we could probably all 
lose. ^"^S^ A 

Thank you, Mr. Chairman ^ A*, 
, The FuQUA. Mr. Winn- ' • 'JV. 

Mr. Winn. Thank' you, Mr. Chairman. J' 

I have been ver\ interested in the con&nents today from this dis- 
tinguished panel I 4m somewhat disappointed in the t|tle that we 
sent out to you in ''U.S. Science and Technology Under Budget 
I Stress" I would hope maybe that we could have ha$»^ subtitle 
something along the Tine of how we can do a better job for^science ^ 
and technology if we are forced to accept budget cuts. \ 

I also have the feeling sonlewhere that we left an open door be- 
cause of the first title or the main title to criticize this administra- 
tion. I don't read that into mucjti of the testimony, particularly 
when >ou use statistics that go clear back to 1960, or 1966, or 1969, 
depending on which statistics, and over half of you used some sta- 
tistics showing that \ we have been on this course for quite some 
time, not just under this present administration, * 

Now, I realize that this present administration has told the Con- 
gress and told the world that we have to have some budget cuts, 
but I thinks Dr. Watson, your comment—and I am not trying to 
pick on LBJ, but you go back to 1966 and^you say possibly, that is 
when I think you said we got in trouble, in 1966, when he said let's 
be pratical. \ 

We may'be getting in trouble right now. But I would like to have 
your comments on a little different f^cet that nobody touched on 
too much, and that is what wj^ might bxpect In the R. & D. field or 
science and engineering wdth/the addjed tax incentives that this ad- 
ministration is proposing. Would any of you care to comme*it on 
the tax incentives with sorne more to come next Monday, as 1 un- 
derstand it, but also the ones that Congress passed last year? 

Dr Bromley. Mr. Winn, I was merely going to comment that it 
may be a little early, given the time cohstraints of the R. & D. en- 
terprise, for us to* really be able to evaluate those tax' measures. I 
would simply say..that in my own case I would find it very difficult 
to evaluate, I am optimistic, but I would be hard put to respond to 
you in a concrete fashion this soOn, because I don*t think we really 
have had -Uie_£hance to see how they are going to function. 

Mr. WmN. Dr. Watson. . ' , / 

Dr Watson. It is my hope that the chief effect will be on Ameri- 
can industry itself, \yhich has been spending far too 4ittle on 
R & D, to maintain itself competitively. I can't really see them 
bailing out academic sciences through the 1981 tax incentives. We 
would not gain if industry concentrated on saving us academics 
and not themselves. 

Mr. Winn, Dr. Parry. 
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Dr Parry. I agree with both'lthe (jomraient that' it is too early to 
tell and the comment that th^ major benefit 'will be on industry 
Itself. The American Chenrical Society has made some effort W . es- 
tablish another, trust fund like the Petroleum Research Pund, 
hopmg that the tax benefit package would be an mcentive for in- 
dustry to contribute. ^ . . . ' ^i. 

We find that that has not been a suitable incentive to get them 
to qontribule to academic research. Whetiier the activities of the 
Counoil for Chemical Research, a newly formed group, will ulti- 
mately develop to an> level in the future is still uncertain, but cer- 
tainl}/ the data up to the present time indicate that the council is 
having extret ' difficulty, too, in raising money. , 

I would sa> that the data currently available indicates that in- 
dustry is unlikely to be a large source of funds for basic research in 
the univevsity community. . . . „ * .u 

Mr Winn. Have you all had the opportunity to tell Keyworth 
-that? ^ 

Dn^^ARRY. No, I haven.t. ^ ^ ■ ^ 

Mr. Winn. You talked about good communications. Communicate 
that to him. 

Dr*. Leopold. . . . , , i.- 

Dr. Leopold. I am mu^h more optimistic about the ettectiveness 
of industrial money in terms of the support of research on the uni- 
versity campus. At Cornell University we see quite a lot of activity 
already this past year, industry and industrial groups recruiting 
first-rate people to work on problems that they feel have an impor- 
tance in the long term. ■ . . j * 

These are not developmental issues that they are interested to 
finance, ])\xt they are actually attempting to recruit really long- 
term basic research. ^ , , .1 1 , 

I think it can work. I think it isn t going, to solve the problem 
entirely, but I am optimistic about it. , - , u r -i- 

Mr. Winn. There are claims on the one hand that research tacili- 
ties in the United States, are second to none in the world. We have 
read articles about those. Then on the other hand we hear that re- 
search facilities at colleges, universities, national labs, and other 
technology centers are old, obsolete, and decayingt That is a little 
confusing to many of us, and I just wonder if you care to give us 
your comments on that. ' nr- • u 

Dr. Bromley. I thint that we have to distinguish, Mr. Winn, be- 
tween the stars in our repertory and what we have throughput the 
universities and colleges, high schools of the country. We do in 
many areas ha\e outstanding facilities that are not duplicated any- 
where else in the world. 
Mr. Winn. Those would b^ industry? - . . , *o -i 

Dr. Bromley. Some in industry, some, for example, the ^-mile 
linear accelerator at Stamford, the big Fermi accelerator at Stan- 
ford, the big telescopes that are simply not duplicated elsewhere. 

Where the real problem seems to emerge in the most striking 
fashion is in the colleges and universities where, as I mentioned 
earlier, we are literally teaching what should be frontiers of sci- 
ence and technology with instrumentation usually more than two 
generations old, so that it literally bears very little resemblance to 
what is out there in the actual real world. 
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And we have engineers who have graduated from our best engi- 
neenng bchoolb who must be run through a remedial course when 
they arrive at the industry with which they are going to work, so 
that they can recognize the instruments that are being used.. And 
:>o I think we must distinguish carefuU> beween our frontier facili- 
ties—and we have them— and the general run of facilities in our 
teaching and research laboratories. 

Mr* Winn. Does anybody else care to comment or' differ in their 
opinions on that'^ 

Dr Pakkv Also this involves the difference, between what one 
might call small research and big research. Big research involves 
large telescopes, large accelerators and this kind of thing, and 
America does have ^ large number of these. 

Then we have small research, wliere the- instrumentation is in 
-smaller uniti> and smaller laboratories throughout the countr>, and 
in univei-sities and schools, ^and I believe that the problems in 
many.^any of our small research operations are severe. , 
, Mr WinN> Thank you vefy much. Thank you, Mr. Chaii:m€Mi. 

Mr. PuQiu Thank you, Mr. Winn. Mr. Lundine. \ . 

Mr/LuNDiNK. Thank you, Mr. Chairman, 

Dr Bromley, I am interested in your coiaLments on the manpow- 
er, or person power 1* guess we should say'^he *iorfage in science 
and engmtiermg Oth^r than su^jporting instrumentation ^nd facili- 
ties, specifaally what would you'do to alleviate these^ shortages? 

Dr Bromlky Several things, Mr. Lundine. First antPprobably 
the most critical problem that I see is one that we have had with 
us for some time, and that is simpl> the decay of our secondary 
school &>stem We are not attracting people into the areas where 
the shortages exist, |)h>sical science, engineering, mathematics, 
computer science, and so .on, nor are we providing them at the high 
school level with the kind of background that would be required for 
th^™ to enter those professions. 

It seems to me that what I would do there, ver> sijnply, is to re- 
build 5ome of the programs that made it possible for those limited 
nuntber of. dedicated, qualified, enthusiastic high school teachers^ 
who generate a vastl> disproportionate number of t^e leaders in 
these Tields, to keep in cpntact with their professions. 

The NSP slimmer progiram fbf high school teachers was in my 
\iew the best investment we as a Nation made in our future in 
high technolog>, in science, and engineering. That is disappearing. 
We are cutting our^^^lves off at the roots, because we are not bring- 
ing >pung people irutKhe fields that are of importance to us as a 
Nation. That is point one. 

We reall> focus on a limited number of teachers. Tim^ and time 
again we find that surprising fraction of the, leaders in all of 
the5.e fields come from a few key high schools in the most unlikely 
places, Entirely at random across the country. 

The second thinK. apart from instrumentation and support and 
laboiaturv upkt-ep uf the kind you mentioned* it seems to me terri- 
blv impuitant that, just.at a time when we begin to see ;Nin increase 
m >tudcnt& enteiuig engineering ^schools, the {acult> are disappear 
mg out the other dooi The> aie going off» quite understandably, to 
what , are much more lucrative and challenging opportunities in 
pii\ate mdustr>. But it seems tQ me that this. is not a Federal prob- 
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lem. It lb a problem that the private universities a^niHhe State uni- 
versities and the private sector must address amongf- themselves " *' 

There are several things that hav^ to happen. One thing that 
seemb to be possible is that universities are^going to have to give" 
up the idea that all. faculty are on the same salary scale. Universi- 
ties? have long learned to 'live with the fact that medical doctors 
and laN\yers are different when it come to salaries in universities 

It may well be that the engineers will shortly have to be paid in 
response to market pressures, so that it nriakes it more possible for 
them to stay in the universities where they can train the next gen- 
eratioxi of technical .people. 

And I am optimistic, because already, as you may know, some of 
the private concerns in this country are addressing this problem 
Exxon, for example, already is engaged in a substa;itial program of 
relatively string-free gran^ to some 66 universities to help them 
retain> people in engineering and physical sciences and mathemat- 
. ICS. Exicon^'ecognized that in the future they are gQing to need the = 
produces of those Universities. That may be a start, 

Mr. LtJNDiKE, One thing that may also help v^ould be to promote 
better cooperative arrangements between universities an3 industry, 
and one thing that concerns me, if I understand it correctly, is that 
they can't get a tax credit if they contract some research to a uni- 
versity, whereas they can if they hire ^way the professor from the 
university; Is Shat not correct? 'li' ) ^ \ 

Dr. Bromley. First my understanding is far from, total in this 
area, but I believe that what you say is correct. I believe that the 
way the tax laws finally emerged was not exactly what people had 
in mind during^the discussions, and we may have to fine tune the 
process. 

That is clearly one of the problems, but I could not support you 
more strongly in your view that we must work out better coopera- 
tive arrangements between the private sector and the urriversities 
It is one of the major challenges we have in this country. 

Mr. IiUNDiNE. Another challenge that you referred to, a,nd some 
of the other panelists did, is the problem, the challenge of^ the de- 
Ten^e need for higher technology in research, possibly takihg from 
thu private sector, which tends to improve our productivity and 
solve bome of our economic problepus. Do yoif have any particular 
reflections on how we can pursue our defense objectives without 
adversely affectihg private nonmilitary research? 
, Dr. Bromley. There are many ateas of concern here. one 
that I think ultimately is probably the most important is thsft, 
again, of manpower- We have ever increasing sophistication and 
complexit> in our weapons systems, in our conimunciationa system ' 
in the military. But the basic question,* it seems to me^; js one of 
whether we*carn produce the kinds of people who wi)f*be able to 
handle those systems in a knowledgeable fashion and in an effec- 
tive fai?hion under an emergency situation. It is far from obvious 
that this is the case. , , *t^\ * 

I would suggest that there are two things that the Defense De- 
partment really must do. in respowding to this increased challenge. 
First of all, the Defense department js going to have to work with^ 
universities to >'ebuild the bridges that were burned during the six- 
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ties and the seventieth, because they need professionl engineers and 
•scientists. 

- We' need * people, competent people coming in frona the high 
schools, who can handle things that are essential^o the Defense 
Department now Also it seems to me that the Defense Department 
is going to have to pick up a substantial role in supporting science 
and education that they once had in the fifties, for example, and 
lost almost"entirely in the sixties and seA^enties. ' ' 

I think they are going to have to pickf it up again in the eighties, 
if we are going to be able to carry forward in constructive fashion 
ivith the rebuilding that the present administration has directed 
will be undertaken. 

-Mr LuNDiNE-^Mr Chairman, I realize that my time has expired. 
May I be permitted to ask one specific further question, thodgh? 

Mr. FuQUA. A quick one. - 
. Mr LuNDiNE Dr, Watson, you jnade an interesting proposal to 
give money ta the best high schools. Specifically, would you include ^ 
private as well as public high schools in that? \ 

Mr Watson. Yes. Our objective is to get well-trained people. 

Mr LUNDINE Not only did you get a quick question but you got 
a brief answer as welJ. * 

Mr. FUQUA. Thank you. Mr. Walgren, 
Walgken. Thank you, Mr. Chairman. 

I wQuld: like to address an obvious question to the panel. How 
would you go about deciding which programs to fund ahd which 
programs not to fund? One of the witnesses indicated /that peer ^ 
review was working well in this area but this is apparently the 
problem we are faced with. 

We have a science adviser who says there are a lot of nonopti- 
mized programs out of there. It was said that cancer research in- 
VQlved a lot of waste My iftstinct.would be that Congress wanted a 
lot of waste in the cancer program because of the type of problem" 

Mt VJ^S. 

There was probably a relatively unconscious but real decision 
made that this problem was so important, and the vjalue of time so . 
critical that it was an area in which we were not particularly con--., 
cerned with waste, but appai'^ntly that is not true. ^ 

Another area issciei)ce funding. Is there. a '\^y that we can dif- 
jjer^ntiate between these programs? ^ \ * v . 

Dr PROMtEY If I could begin the answer^ Mr. Walgren, by^differ- 
mg a little bit with you. J think that, it is certainly my feelrfig, and 
I believe that of my colleagues on the paneU that there is not all 
that much of the less than excellent work in the system.. . 
. The point I was making earlier was that during a* period of rapid . 
growth, such as w- eryoyed during the sixties,- for example, in / 
many areas I think one could legitimately claim that there was / 
work that could be judged less than excellent in some fields. In/ 
rapid periods of growth, just as you say, sometimes you want to 
take risks You are in a hurry, and you do things that if you weri 
under tight budget constraints or had more time you perhaps 
would weed out. / 

However, the point that I tried to make earlier is that for about 
a decade we have been working in most of the fields of science and, 
technology represented h^re on more or less flat budgets^ and 
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during tftat period of flat ^.bfidgeting, we have already done the 
weeding, and it is not now a question of taking out .the less than 
excellent. ' . i . j 

Franlcly, I don't know where thiS mediocre work is, and we are ^ 
really cutting some things that are less excellent than others, but 
still excellent and still, contribiiti% in a major way to the well 
being of this country. ^ , . j »w 

Dr. Watson. I think it is natural in.good times that you don t try 
to be too tough on your friends. I think you probably always should 
be a little tougher than we are. The problem now is not that one 
shouldn't be critical but »we s^m to be In a situation- where you 
can't do anything new. * 
• I have the feeling that if you now go to NSF and argue for a big 
new program— there is no way of getting it done. What worries me 
the most is the lack of optimism that comes from the thought that 
YOU might start something new and important. • . i 

' Dr. Leopold. I feel as Dr. Bromley does that the pure science has 
/ pretty* welhbeen weeded out, and that cuts now are into the sub- 
^"^stance the real meat of the field, f would like to also respond to 
your question about how do you decide what .areas need to be sup- 
ported. I feel that it really would be most expeditious to let the sci- 
ence community decide where the morjey should be p^it. , ' 

Targets of opportunity come up, as Dr; Watson has pointed out, 
that don't fall in any particiflar category, and if you have a-founda- 
tion to support basic research, letfth^m. decide 'wliefe ^support can 
b^ put with the greatest efficiency. , - * . 
'Mr. Walgren. CaTi you indicate where they would Yank science 
education in general under the NSF budget as we expect to see it 
•*in 1988. \Ve are going to be reducing science education by $5 mil- 
lion, and we are going t® be increasing the effort in mathematical 
and physical sciences by $30 million. If you consider the, Govern- 
ment s basic role in investment, where* does science educat\on fit in 

that priority? • » , ^ x j r j 

. Dn Bromley, I woViId first notwaflt to be aftempting to defend^ 
all of the JSfSF science education progra^ti of the past. Jdowevef, 
there are two areas pf that prbgram that strike- me as absolutely 
critical; the first Tdiscuised in answer to Mr. Lundme s question. It 
seems to me, wi£h limited investment, to make it pbssibje for the 
best high sch^oUeachers m this country to maintain coi^tact with 
science. W6 had a program which had a remarkable return on in- 
vestment. ^I^would \m to see u& buiia on that eariie'r program. ^. 

The^ secondT thing that I wouldMike to see is substantia^ expahsion 
of a program of feH'o^X^shi^^ and grants tix cutstan^ing students se- 
lected on the basis oT competitiveuevaluation. I don't in any way 
decrv tha need for other programs designed to cgrrect^social inequi- 
ties* or anything '^Ise. They are important. But what is critically im- 
portant and what has been allowed to decay over the past many 
> ears are tht)be programs where we select, identify and support the 
most able youth in the country. ' ' , rl j 

To a disproportionate share, far disproportionate, 'out future and 
tte future of our country rests in their hands. I think that any- 
thing we can ^6 to identify them early, help thep, support them, 
jnove them on tl^eir way is .a tremendous iilvesthient in ou^ future 
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So, those 't\v;o programs 1 would life? to see us build on and build 

00 effectively. ^ " ' ' 
Mr. Walgren. Thank you,.Mr. Chairman,. 
Mr,^ FbQUA.^ Thank yoo^Mr.3^1gren. ; 
I y^derstand you agreed.to yi»d to ^Jjrs- Scbneidec. 
Mrs ScHNEiis^:. T-kahk ydix very much. I thank my colleague for 

yieldinj^., t ^ ' ^ 

rregret L app'^ar^d late for-some of, your testimony. Hovi^ever, I 
haJ^y staff cover it, andf^S^haye all the' infbrmation. Regretably I 
have to Jeave at 4 o'cfock fot another m^ti^ However, I am 
critically Concerned ab^ut th^ future financing^f research. I am 
verx^concerned that it^sfeeijis^at we have a tendency in this body 
to respe^d to crises, crisis management^ as has Already been men- . 
tioned; ^* ^ , ^ \ ^ ^ * 

It is very apparent tJ)at-'5^ou are responding to the need or we 
hay^ responded a" couple of years; ago for increased funding for 
' cancer, Rhode Island Bdng -the .highest cancer ^eath rate in the 
Nation, of course I anS^v,ery concerned that^mon^ continues to 
flow into that area. " ' - . , 

It^ is also obvious tnsofer the spa!ce progranj is concerned, and 
comnmnications technology and a broa'd specfcum of other things. 
What is particularly frustrating is that perhaps, as we say, it is dif- 
ficult for us^to qiaintain our lead^I sincerely question whether we 
do have a leai|nn man>*of th^fe- .different scientific 'an3 research 
areas And *p^ap3 maybe we ^Kbuld, instead' of responding to 
crises, ha^e the scientific community clearly articulate a serieg of 
priorities th^i^re based on a foresight, basejd ,on looking into the 
futureras to what our needs will be. 

I serve a^ phrt of a caucus herfe iriiCongrl^ called the Clearing 
H6u^e.on t'he. J^ii^ure which helps us to hav^,less,of a* tendency ,to 
focus orAhrhere and now\ on^of,2-yeaf decisions, to focus instead 
on. the loog tange. ' *• ^ . 

Looking :at^paces like Japan, where they have* 'a tendency to 
have* the ,^ovemm^t leriS direction toward setting' priorities,. per- 
haps-; this is w^hat we need to do. I am feelinfe.yoar frustration of^ 
^ talking to ah alnipst empty hearing rqpm. I know whr \ I am going 
^ to be doing on the icifence budget, but lib\y am I going to persuade 
some of my domg tbjat vvhen they haven't been sit- 

ting liere heannf^f^yo^^ ; ' . 

. ^'It^^eems to me . that if all of you went ^eyond\the , measures of 
"^^^^^^tion of time and energy today to mayb6 hav^?the AAAS or 
yo®g4Q?Jiv^?i4lJbodies put together a comprehjensive .list of spend- 
ing priorities^ for'future research, tK§t Ve would get national a^teji- 
tion and th§ attention of, some of my' colleagues, here/ ,maybe we 
could b^rm^akin^ better Hecisiorxs. That is what i am" really con- 
.cerned about. ^ » - » ' " a . 

1 1 guess i^don't^have so much'^of a, qu($stion^ but it is more in th^ 
form, of a re.quest. I just wonder what you think as to that, kind of 
strate^^or approach to getting the Kesults that We ^re looking for. ' 

, Dr/^^OLO. Since I, have had nothirfg to sa^ so far, perhaps I 
ought to justify my existence and ccrmm^nt.v /\ ; - ' ' 

^ I think ^%vhat \ve hdve beerf hearing is redlly' what, needs to be . 

*• said- At least in tjie^area of bailic research in.chemistry— I-happen 
.td b^^a chemist-T^we have been policiiig the expenditures of what 
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fuadb are a^uiKibU-. wrv strii>gont!>\ as Professor Parrv indicated. 
Onlv one out of five pfupusak to NSF is being fundgd, and some 
very, very good young people, assistant professors, never get tenure 
because they do not succeed in getting funding, not because the 
proposal that they submit is not goqd, but simply because the iui\ds 
available do riot extend sufficiently to cover these proposals. 

So, that we really are talking here, and you have been hearing it 
over and over, about priorities, about pruning, however you spell it. 

' It IS usuajly referred to as cutting out the fat. The fat has-been cut 
out. You are working oi\ cutting^ put the Hiuscle. It is beginning to 
hurt a great deal. It is beginning to show up m a lot of places. 1 
know we are alCvery much interested in defense. 

When we mention being a superpower, the first thing we think 
about IS militarilv. We wouldllike to be a superpower in technol- 
ogy we would like to be a superpawer in economics as well, iiasic 
research really is the foundation lor technology and economic ad- 
vafkces countries make. . , . , . 

So I think we better think about things in the right perspective^ 
In defense, we like to be, and all of us agree, a superpower; but if 
the budget is $200 billion, there has got to be some waste, there has 

* got to be something falling 'in the cracks, I am sure that basic re- 
search would be more than happy to pick up the things that tall 
through the cracks where defense is concerned. . 

It might be more profitable, rather than listening to these argu- 
ments over and over again that scientists are able, tg give you, that 
we have already cut right down to the muscle, to ^ave somebody 
look at where the bulk of our funding is going and see if there 
can't be some savings there without detriment to otfr defense, oi 
course. 
Thank you. 

Mrs. S6liNEiDER. Yes. , i n 

• Dr. Bromley, if I can add to that, you have asked, as you well 

' know one of the very difficult questions, where do we place our 
bets for the future. And it is incredibly difficult vnthin a science t9 
ajet agreement among the people in the science a^ to the priorities. 
It becomes vastly more difficult when you move outside of a ?pecii- 

, ic science and consider priorities betvveen ^cjences:^ . * 

So even with the best will in the world, I think that„speaking on . 
behalf of AAAS, I would know of no way in which I could get an 
agi;eement from the members pf AAAS on anything I fould present 

^ to you >• * 

. But I come back to the fact that in our system of gdvernihent* it 
Is after -all. the responsibility of the executive branch. Dr. 
. KeyAvorth,"his associates,, to formulate a program to present to you 
folks for consideration. . ^ ^ ,u . ^.u Lii 

I hope that the system will develop in such a way that there will 
be more scientific, engineering, mathematical, general sef^ntitic 
input to the processes within the executive branch. That approach 
will formulate at least the first cut at a program which will benefit 
« from consideration by "committees lil^e t)iis one, frpm discussions 
throi%?hout.the scientific community. ' \\ k ^ 

But, it ^eems to me that is where we .have to start. And getting, 
more input into tRat discussion, and getting the discussibn more in- 
,formed,'4s a first, if certainly far from sufficient step. 
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Mr. Fu^UA.cDid you vvish to comment, Dr. Watson? 

Mr WUtsOn Yes, we are trying for the impossible by haying our 
Goyernjmeivfc'run for the large part by people who are almost total- 
ly ignorant of science and engineering when the economic fcksis of 
our society is technology. . . 

Dr Keyworth must have a v^iy difficult time operating with vir- 
tually no staff and as far as we can tell,/tiot a very high place in 
the Government. I think we are getting just about what our admin- 
istration wants— indifference to scientists. 

I mean I don't siee how«we can if within the adpiinistration the 
role of science is so small in an official sense to think that in fact it 
is going to affect our decisions is ludicrous. Fortunately our Gov- 
ernment is split, and we have Congress, Of cPurse, I think your 
role has to be even tg^re important than in the past in seeing we 
try and rationally run our Goverjt^ent. 

We have talked about "S^oodoo economics. Vice President Bush 
once used that word. You know, we are almost asking for voodoo 
science If we don^'t have, yotf know, we ^Kant the great things, but 
we really don't have traine41people 'to do it In the last analysis we 
are going to rise or fall ovifr the number of people of competence 
who can run our country. jAnd I.Jthink the question is, is science 
education importiant? It very important. And we cannot have 
that number decrease without having a real crisis^evelop. • 

Mrs Schneider. Well, I just would like to make one clo'sing com- 
ment We may have limited technical expertise in this area. But, 
yet, we are the ones who have to make th^ decisions. And for ex- 
ample, the Energy Research Advisory Board has made recommen- 
dations as to the most cost-effective investments of research qlpllars 
in energy. ' ' ' 

They have giv^n us their priorities. If juat so happens that, you. 
know, th^t will certainly help us in making decisions., Now, we 
have a whole panapoly of different decisions io make on research. 
Now, do I w^nt to vote to put a lot of mo;iey. into space research, or 
dol \yant to put more into health research or energy research, and 
that sort of thing;. ' 

AIM anni Suggesting is that if thfe Scientific: community^ granted, 
it^is diffic*ult for maybe two of yoU to^felk to one another, but when 
you get three, it is even tougher, but^l think that that kind of thing 
needs to happen. This needs to hapi^^n in order to provide some na- 
tiorxal directive for effective spending of our dollars. And, if that 
kind of initiative could be taken by the scientific community, I 
think that you would see this body much more responsive to that 
kind of directiori. 

Thank you; Mr. Chairman. 

Mr, FuqUa. Thank you,.Mrs.-Schneider. 

Mr.,Shamansky. : - - * ' ii 

Mr. Shamansky. Thank you, Mr. Chairman. 

Dr. Parry, my home is Columbus, Ohio,' and one of your most im- 
portant divisions, the Chemical Abstracts Service is there. And it 
sits on one side of Ohio State University and the Battelle Memorial 
Institute sit6 on the other. 

Last week ♦the president of Ohio State was here having lunch 
with the Ohio delegatio^. He pointed out that it would tak6.$50 
million to bring the instrumentation of Ohio State, up to where it 
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should be to tnun our fulua- scientists. 1 just talked to one of 
vice presidents and I am" going to take a tour. He said Suburban 
High School has a better che'mical lab setup than does the univeiji- : 
tv at this boint I don't see how in the world my community, and 1 
am verv locally .oriepta can continue t6 enjoy the economic 
strength providedCy Chemical Abstracts Service if the supplier of 
ihe personnel in a significant sense, Ohio State University, is just^ 
. not turning but people properly trainijd. 

•1^ would like to know from you -what your professional society 
thinks it can -do .Other than coming here to inform the handlul ol 

'^^Dr^°pA°RRV. At the present time we have a task force looking at. 
. the issue of instrumentation to ti^^ to get a more considered answer 
to the question you have asked me. It is a tough one, and the deci- 
sions that are put before us are. Can we take- the money that nor- 
mally would go for research grants to try to build up this instru- 
mentation? , , . ' r, . . I> !•) 

Mr SHAMANSKY. Is that .robbing Peter to pay Paul .' * - . 

Dr" Parry. This is exactly right. There is a qugstioij. then, as to 
whether Or not this is a wise decision. IJlje obvioufanswer is an 
infusion of « sizable amount of money would be n^ed to bring 
Ohio State uj) to where it should be,, and this problem^ not unique 

to Ohio State - . . , mi . • u » „ .^^ 

Mr ShaManskv. I think it is typical. That is what worries me, 
Dr Parry Welare now -talking ab^ul^bringing university labora- 
tories up to whe^'we woiild be competitive even with American 
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industry, let aloneVith >boratories in other countries. And the 
real problem is, wheV^you going^o get the money forjhis. The 
only option we can see is that among the development and demon- 
stration projects, there may be many that industry would be will- 
ing to pick -up and that might' free some Federal money for other 

"^Mr 'Shamansky. Frankly, sir. that leads me to' my next question. 

I would like to suggest to you, at least as far as I am concerned, 
that this pleading-by the administration of no mo.nejr.is a very self- 
serving declaration. This committee, on a bipartisan basis, elimi- 
nated about $240 million for the Clinch River Breeder Reactor. 
Then, the administration mobilized itself, as a favor to Mr Baker. 
It put back ;S240 milljoh for the -qiinch River Breeder Reactor, Mr, 
Baker being'from Tennessee.- , . , , ^'t-^^. 

• That could fund a lot of science education and a lot of irtstrumen- 

^ tation. So, this claim that there is no money, and that there is no 
monev for this, but there is plenty of money for other things. 

1 think that when you see Dr. Keyworth, 1 urge you tp, point that 
out to him, because he ends up nothing but an apologist, I mean, 
that IS what he is hired to do, unfortunately. The question is is he 
an apologist for the administration,- or is he a spokesman tor, sci- 
ence? Now if he has n© staff, as Dr. Watsori says, obviously, he 

I can't he much more. He is a hired a^)ologist. r 4.u . 

V-HDr Parry. 1 could onl> indicate that the need for money for the 
instrumentation'^is severe. I am gjad that you folks are worrying 
about where the money comes from. That, is not in my province. 
But. I do believe, firmly, that without some attentipn to instrumen- 
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tation ana other jnubWms which we Eace» we will slip into a second- 
rate position in the area of science. 

Mr, Shamansky- I would like to comment that m^y law school 
classmate, John Hare, is president of the council on finajicial aid to 
education,, which advises, the large corporations on how they spend 
their mpne>. He.talkb about working with' these large corpbranbns, 
Exxon and so on. to help. But it is a spit in the ocean. 
Dr. Parry. Right. 

Mr. Shamansky Don*t have any illusion. I -don't want^to say it is 
a PR job Every penny helps. But it is not addf^sing the major 
problem. Before I yield I would like to say to the two witnesses 
froih t)ie American Chemical Society that your chemical Abstracts 
Service headed by JDale Baker ist.an important part of our cemmu- 
. * nity and they do a good job. 

Thank yoja, Mr. Chairman. 

Mr. FuQUA. Thank you, Mr. Shamansky. 

Mr. Nelson^ ,/ . 

Mr Neisou. Thank you, Mr. Chairman. First of all I want to 
make a statement that my eye caught in Dr. Leopold's testimony 
here,. in which he concluded thai it is his opinion that the lessening 
of financial support for science is not comparable to pruning, but 
rathei- to^ a reduction of the nutrients which sustain the tree s 
growth. A^hd I concur in -ftat conclusion. Now, Let me pick up. 
. ^ One of you sort of compared the advancement of science and 
technolog>, as an either-or proposition, with regard^to the defense 
budget. And I think the statement was, where you can tighten up, 
where you can elirninate waste and duplication in the Defense De-^ 
partment, let that fall through the cracks, -an^ we in science can 
utilize that. . • . 

Then» my eye caught Dr. Bromley's testiijnony, where he is talk- 
ing about the inner relationship between defense matte^;s and sci- 
ence. And the cross-pollenization, if you will, between the two. I 
would like sOme more comment from you as to thatr because being 
on Chairman Fuqua's committee, and also being on the Budget 
Committee, where we ^et these competing demands for the alloca- 
tion' qf how big is the slice of the pie going tq be in this oi; that 
sector, and of course, frequently there is the assault .on "defense, 
^^aying, well, we ought to cut down defense, and then we can pro- 
vide for more social programs. 

You know, I heard a rendition of that wdth re|Srd to science 
here. Give me Some commentary oh'^that. Dr. Bromley, perhaps you 
might want to illucidate, please. 

Dr. Bromley. Thank.you, Mr. Nelson. 

Yes, I happen to feel that both the scientific and technical com- 
. munity, the Department of Defense, and the Nation were all hurt 
when we had the major schism developed between th^research 
community and Defense Department in the sixties. 

It seems to me that in a democractic society like oursj the people 
responsible for our security and defense should neither be nor feel 
to be cut off from the major body of society. I think it is terribly 
important first from a philosophic point of view that there be con- 
tinuing interaction between some of the bright young people in our 
country and the peoi^le responsible for the defense, and that they 
be one and. the same part of the time. / ^ 





So. tht»> thmk It ih tfinbi> important to get the communication 
gumg Then -I cunie back tu the fact that -the Defense Department 
•has a desperate need, if. it is going to do the. thing it is being 
charged to do b> this administration and past administrations, de- 
fense IS becoming a much-'more technological enterprise than it 
ever was. - 
Mr. Nelson. Precisely, 

Dr Bromley. We are seeing a need for people who are at a level 
of training and expertise that transcends^ anything we have seen 
before in the defense commuaity. It seems to ine that on all these 
grounds, it is essential tfiat we begin to' make common cause, that 
we begin to recognize that, for the good of the country, the Defense . 
Department has to go back to some of its old role of being one of 
the supporters and participants in research activity and science 
education. • . ^ ^ , . , , 

It is going to draw on that system for people and ideas and con- 
cepts and devices. And on the university side, the universities have 
to get involved to bring new points of view iato the Defense' De- 
partment, to the discussions and to the priority decisiions that must 

^e made there. ' . . u 

I would end by saying that a two-way street is not anywhere 
near enough. What we Have to have is a three-way communication * 
among the private sector, the research community, particularly in 
,the universities, and the dfefense'*area. \ , • u » 

^ So, I for one feel that we lost during the sixties when we had 
the violent divorce between the Defense Department and research 
and the universities. And I am very anxious that We find ways to 
put the relationship baqk together. It is not going to be easy It is 
going to require a lot of forebearance, a lot of good will, and a lot ot 
focus on the fact that we are all in this together. 
Mr. Nelson. How can we help in that process of establishing 

good will? ■ ' ' ' ^ , - . *, 

Dr. Bkomley. If I may say so, sir, one of the major problems in 
the whole enterprise is something— at least in the university— 
known as the. ghost Mansfield intendment. When the Mansfield 
amendment wds enacted in- 1969, it represented the ^ill of the 

^ peopb. There was no question khoUt it. As a result of that, pro- 
gram officers throughout the Defense Departni^nt and all the serv- 
ices had their portfolios scrutinized. And if things did not have a 
direct and apparent relationship to an immediate Defense need,, 
the project was dropped. Eight million dollars of projects were 
dropped in^^one bundle. ' , - . t • 

Now, the program officers also got a black eye at this po^nt. It is 
not surprising that program officers treat With considerable skepti- 
cism statements made by each new Secretary bf Defense, and 
. D.D.R. & E. people who say we are now back in the business of sup- 
porting research. We are now back in the business of dealing with 
universities. We want to be y.our, friends, because the program offi- 

X cer '.knows that people up there can change\ And they don't want to 
get caught with their portfolios down again. 

' "^And, so, it seems to me that what you could do and what this 
committee could do and what your colleagues could do is to help to 
convince the people in the trenches, who actually do the Support of 

V ? - \ I, 
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science out .there throughout the country and community that you 
mean business. . 

Mr. Nei^n. Do^ny of you have a contrary exRressiori of opinion 
'-on.that subject? Do yoti all agree? Yes, sir. 

Dr, BaSOLO. .1 agree but I would lijke to mention that a few weeks 
ago. at Northw extern. University our'Vke president tpr research and 
his staff got together a symposium where people from DQD were 
invited And they came with the express purpose of jiist telling pur 
people ia the physical sciences the kinds of things that they we.re 
interested in, • ^ T 

Nothing classified. But tneir missions ^nd so forth. Now, I think 
contacts have been made, jsa people .are l^eginning fp write pfopos- 
alsr particularly young people who are Having difficulty in getting 
funding, and trying^ to take advantage of some of this DOD money, 

No\y» $ince I was the one that mentioned this is falling between 
the cracks and so forth, I don't want to be misuiid^rstqod..I an:i just 
saying that here we are spinning our wheels, thinking about waste 
in basic reseai^ch where we keep telling you that there is none, and 
we have been scrutinizing this so carefully. 

But when j^ou are talking about $200 billion, I do* not know 
enough about it, but there has got to be some waste. And if there is 
any waste at all, it has go to be appreciable in tgrms of the amount 
of money that is going- into basic research. 

So, that is the point that I was trying t'oinake. 

Mr. Nelsonf. Thank you, Mr. Chairman. 
. Mr. FuQUA. Thank you, Mr. Nelson. 

I might point out that the attitude at DOD has changed consider- 
ably ^n the last few years. And there is a positive program going oh 
now for fellowships and traineesKips, and to renew that relation- 
ship with the universities. And I think it is a very posijiye step in 
the right direction. ' ' ..." 

Mr. Lowery. 

Mr, I/)WERY. Thank you, Mr, Chairman. 

Dr. Bromley, your statement included a widely held 'belief that 
corporate managers are primarily concerned with the short-term 
accomplishment, the immediate teturn on .investment. If that is 
true, 1 would like to know how deeply you feel that is felt within 
the corporate community. How should corporate research be struc- 
tured or»restructurfed? And what chapges should be made? 

Dr. Bromley. In my testimony I quoted specifically from William^ 
Abernathy ^^^Jthe Harvard Business School, who made the com-* 
ment recently "^f hat MBA*s, one after the other, are being turned 
out in this, country, being convinced that if they are to stay on , the 
fast track, they have to jump corporations about every 3 or 4 years. 

Once you accept that as one of your basic tenets, you are then 
^aced with the recognition that anj^thing you do that will pay off 
'beyond 3 to 4 years will benefit your successor, rather than your- 
self, and necessarily should be viewed with a- certain skepticism. 
** So to the extent that Abemathy is' correct, and he knows a lot 
more about it thkn 'I do becausQ.1 am .from an .entirely different 
wing of the academic business, it seems to me that we have in this 
country fostered a philosophy, and I think he is right, which makes 
it extremely difficult for any industry to really engage m long-term 
r^earch. This certainly seems to be true ih the sense y/e are dis- 
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cubs^ing it hV(i* iri^thih conunittee Anything that does not pay off 
w ithin%umethin^' like ft ye^ir or two is considered very long-range 
in most .industries I know about. 

But, I am not an expert. Some of the other people here may be 
able to expand this. * . 

Mr. LowERY.. Are' there any suggestions you or the other wit- 
nesses have as to what changes should be made? \ 

Dr. Bromley . Our competitiveness in the international market- 
place, after years of easy dominance of both national and interna- 
tional science, is falling, and falling rapidly. If we can^t somehow 
convince our corporate executives and managers that in the long 
run our competiti\eness depends on our maintaining the know-how 
that' has brought us to where we are today, most of whicl^ has come 
from long-range research, then I am afraid we are-going to fall 
from any kind of competitive position internationally. 

So. if you ask me how we ar6 going to do this, the only way I can 
see to do it is to somehow mount a sufficient educational campaign 
thcit will convince people that it is in the long-range best interests 
of the bhcireholders of the 'corporations of this country to do it, and 
haw them force own managements and their own people to 
take this soniewh^ longer view than seems to be the case at the 
moment. "'>x 

Mr LowfcKY. Further comments by witnesses? Let me follow up 
with a question as well The committee is continually exposed to 
international research comparisons. In fact, in your testimony Dr. 
Bromley, you mentioned the total expenditures for R. & in the 
United States is currently 2.97 percent of GNP; in Japan, 1.93 per- 
cent; in West Germany, 2,.36 percent. 

What really does this mean? Is the^e a ranking? Can we assume 
the funds are equally utilized or somewhat equally grouped*^ 

Dr. Bromley. Let me go back and emphasize, first of all, that if 
we average across the board, we still have by far the strongest sci- 
ence and technology enterprise in the world. But by focusing their ^ 
activities, 0|te country, after another abroad, Japan, Germany/ 
Russia, you^ nam^ it; by focusing on farrow salient,- are able to 
move up to us and ahead of us. And \vkat is being -shown in the 
numbers that you just quote is the fact that those salients are 
broadening, and they are expending more of their available re- 
sources on the long-term future of their respective countries, and 
on making* their countries more competitive internationally, as Dr. 
Watson has just indicated, than we ate. * 

They believe more'than,we do, it seems, that expenditures of this 
kind are an investment in their' future. That is where the critical 
comparison comes. "And it is a ifiatter of national philosophy. 

Dr. Watsun. 1 would like to come bajck to the t^f ry large amount 
jpf mone> we spend fpr defence. About one-half of our tot,al R & 'D. 
budget. Thifo has remarkably" little return to our, Industrial eitter- 
prise. So the amount we are doing in support pf what we really 
need is much less than generally appreciates. * • 

The budget fui the National Science Foundation should be dou-^ 
bled, ^'hen we might be gt^tting to the point wher^ we are really 
able to maintain what we have. " , . . 

Dr. Bromley. If I may, just to^emphasize Dr. Watsons F)oint, I 
ha\e the numbers here that all, the total governmental R. & D,, 

■ .■ . ,3.7a'/-. .'' 
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Japan •allocates 2 percent to defense, West Germany 12 percent; 
France 30 percent, whereas we have more than 50 percent and our 
fraction is growing rapidly. Those numbers speak for themselves. 

Mr. LowBRV. What is the percentage in the United States? 

Dr. Bromley. It is between 51 and 52. . 

Mr, LowERY. Thank you very much. Thank you, Mr. Chairman. ' 
Mr. FuQUA. Thank you, Mr.-Lowery. 

One concluding question. It has, been mentioned that probably 
the better thing would be to separate R from D. Is there a practical' 
or an easy way that that can be separated, because in my opinion 
many tim^s D is very delated to what happened in R, and many of 
the same paVticipants need to -help mate D work because tney 
know all about the ,E. 

Dr. Bromley, Your point is ''extremely well taken, Mr. Chairman. 
I think I have on previous occasions said that I can't tell basic from 
applied research, but I sure can tell good from ba^esearch. That 
separation is easy, but I think what I am proposing, what I propose 
in my testimony today, recognizes that there is a gray area. There 
are certain things that are clearly all people of good will would 
agree are in the basic area. 

, Mr. FuQUA. And we fund programs in basic research? 

Dr. Bromley, Yes, and al$o in the development area, and the cri- 
teria that should be applied to those two areas, development arid 
research, are frequently quite different, and I think that we should 
focus on that aspect'. 

I think also that the development of priorities are quite different 
in the two. The time scales are quite different. The degree to which 
scientific judgment as opposed to political judgment should enter is 
quite different in the large development project on the one band, 
and on the-small basic research project on the other. > 

So I would agree with you completely, that there will always be a 
gray area in the middle. But I am convinced that our discussion of 
what our problems are in the basic research area are beitig clouded 
the fact that for every dollar spent i^ basic research, 10 are» 
spent on development It seems development completely controls 
the discussion, when the perhaps more fundamental problems at 
any given moment may be down there in the 10 percent that is 
rtelly basic research. . ' . 

I would like to see the two areas considered on their merits, and 
I think in order to do that we really mu^t separate them. 

Mr. FuQUA. I see we are getting a gqod response. 

Dr. Parry and then Dr. Leopold. 

Dr. Parry. One of the decisions that J believe is very important 
in the industrial community is a gupss as to whether a project will 
succeed or not industrially. Jt is very, very hard to make that as 
long as you are in the basic research province, and for that reason 
industry has-been unwilling to fund basic research in the amount 
that the country needs. 

They Are more willing to fund development work, because at that 
poiht you can make a better guess as to whether it will wof k or 
not. In reference to Dr. Bromley's separation, you are more apt to 
have the private sector pick up some of these development oper- 
ations, whereas nobody really is going to be willing to pick up the 
basic research operation. 
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Mr FuQi'A 1 think ?hat is very true. Dr. Leopold. 

Dr. Leopold. 1 am nut sure I Nyould agF^e with the separatioii» of 
R. & D. It would seem to 'me that much is to be said for an integra- 
tion of the people who have expertise in the basic side and the 
people \xhose, charges are in the developmental^ sid^ I would say 
long live the ^ey ^ea betwe^li the two. / . ^ , 
• Dr Bromley. If I may, Mr. Chairman, I want 16 emphasize i 
never suggested that we Separate the activities or the people or 
anything else,^but we should separate the budgets,, so that we cah 
discuss themtknowledgeably. They are two different things. 

Mr, FuQUA. Well, we do that in many areas, particularly in, say, 
the National Science Foundation, which is primatify supporting 
basic research. Now, when we get into, say, the Department of 
Energy, we do have basic energy sciences, nuclear physicg, and 
other programs, but we also have demonstration programs, which 
is a further refinement of development 

So we do have many programs that are' broken down in those 
areas, but we tend to lump all those budgets when we talk about . 
R. & D. in this country or K & D. in some other country. Then we 
are talkmg about the whole combined figure that we use in both. 

Dr. BRo\Li,EX^es. If I can make one last* J^oint, sir, in this con- 
nection, and relating to our prior discussion about the Defense De- 
partment. It doey bear empliasis that because the area that is grow- 
mg by far the most slowly is basic research, and in the long run it 
may be the most important in terms of our national defense and 
security. j 

Mr. FuQUA. Dr. Parry. • • , , j. 

Dr. Parry. Twould like to comment that I don t disagree with 
Dr. Leopold, long live the gray area. I think that that is a basic 
given in the nature of research and development. 

There is always going to be an overlap of these two, but ultimate- 
ly when a project gets a long ways alon&, you begin to get addition^ 
al people of a different type into the development phase, and it 
moves away from what had been done in the bafeic research are^, 
and I think it is in that context that one can consider the transfer 
of funds, where industry might be willing to pickr up a charge and 
whereTthey would not be willing to do so in the basic research area. 

Dr. Bromley. Yes. " . ^ - ' ' . . • 

The Chairman. I want to thanR all, of you for your time and 
having a change to visit with you earlier today. We thank you very 
much for your testimony and your time and responses to the ques- 
tions. I think ypu can see by the^participation of the Members that 
we are all very concerned and interested in the future of ^ur scien- 
tific program. We thank .you very much for your contribution. 

The committee wHl stand adjourned until 9:30 in the morning. 

[Whereupon, at 4.40 p.m., the committee adjourned, toi*econvene 
at 9:30 a.m„ Thursday, February 4, 1981.] 
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us, SCIENCE AND TECHNOLOGY UNDER 
BUDGET STRESS 



THURSDAY, FEBRUARY 4, 1982 ^ 
Hou5E OP Representatives, 

J COMMltTEE ON SCIENCE AND I^CHNOLOGY, 

Washington, D.C. 
The committee met, pursuant to call, at 10:10 a.m., in room 2318, 
Rayburn House Office Building, Hon. Ronnie Flippo presiding. 
Mr Flippo [presiding]. The meeting will come to order. 
Mr Fuqua is unavoidably detained for a moment. I am sure he 
^ will be joming us directly. I ask unanimous consent that Mr. 
Fuqua's opening remarks be placed in the record at this point. 
[The prepared opening statement by Mn Fuqua follows:] 

■* 
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' 0PENING STATEpT 

OF THE / « 
HONORABLE DON FUQUA (D-Fla.) 
\ ' ' AT THE H'EARINQ ON ^ . 
. U.s/SGIENCE AND TECHNOLOGY UNDER BUDGET STRESS " 
February^ 4. 1982 * ^ * 

• " ' ' ' ^ ' . -> ^ ' ' 

Mf?. FuQUAi This morning's session wi^l conclude *the wrst 

* , ' , ' . ' : - 

PHASE OF OUR CONSIDERATION OF THE FY 1983 BUDGET. WhEN WE 
HAVE HEARD ^tHE FOU|B DISTINGUISHED WITNESSES SCHEDULED 
TODAY WE WILL HAVE LAID A SOUND BASE FOR THEvNEXT RHASE IN 

WHICH OUR SUBCOMMITTEES WILL CONSIDER THE R&D BUDGETS OF 

* ^ ' 

THE; VAftlQUS AGENCIES THAT COME BEFORE- US. ' 

By way of introduction to today's session I want to mention 
|two points related to the experience -of our witnesses, all 

OF WHOM ARE distinguished UNIVERSITY PRESIDENTS. SEVERAL 
PREVIOUS WITNESSES HAVE ^iEFERRED TO THE NEED FOR MORE 
TECHNICALLY TRA4NED PEOPLE IN INDUSTRY, ESPECIALLY ENGJNEERS. 
How SHOULD' WE RESPOND TO THIS NEED? Is IT A REAL TiEED OR 
^MERELY AitVCLICAL PHENOMENON WHICH WILL BECOME A SURP^-US Ifi 

A FEU YEARS? Should we concentrate on training more 

ENGINEERS OR OlsT A BROAD ScflfjTIFlC AND TECHNICAL LITERACY? 

Given tight BUDOETSy how do we set priorities?* 
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Second, a wirNess from fhe tifcCTKoNic. industry stated t^^at ' 

INDUSTRY NEEDS THE STOREHOUSE OF EXPmiSE THAT EXISTS \U 
THE UNIVERSITIES, IN ORDER TO MEET FOREI.GN TECHNKAl, 
COMPETITION. He stated rHATHI$ INDUSTRY'DtO NOT- WANT 
DIRECT>FedERAL A.ID/ fiUT WdULD LIKE TO'SEE CONflNUED FIdErAl 
funding of' university research. WkAT will happen to THE 

lxp£«ti$e in the universities, if present budget TR£r^$ 
coNTif^UE? Will improved coupling between .industry and 
universities help compensate for reduced rj^d budgets? how 
will the present trends aff^ect the traditional university 
roke in basic research? - 

Such ouestions will be asked in coming weeks as we deal with 

specific agency requests, \ AM SURE THAT TODAY's TESTIMONY 

will proy^ide^a very helpful background. . ' 

Our first witness will be Dr. Walter Smith^ , President of 
Florida ASM University inIJallahassee. , * . 

Second, will be Dr. Edward Bloustein. PRESiDm of^Rutgers ' 
Universijy in New Jersey. 

Third, will be Dr.. Peter Magrath, President^of the University 

OF Minnesota; - ' " 

* 

Finally* 'we will have' Dr. Norman. Hackerman, President. Rice- 
University and, former chairman of the National Science Board. 
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I AM VERY PLEASED TO WELCOME TO THIS HEARING. Dr . WaLXEB^ - 

Smith, President of Florida AsM University, Florida A&H 

lS~^HE"or7H'^t' TRA^"lTIONALLY BLACK UNIVERSI T lES- WffT-CH 
PLAYED A CRUCIAL AND HISTORIC ROLj IN EDUCATING BLACK 
STUDENTS WHEN THEY WERE ^mG DEPRIVED <?F OTHER OPPORTUNITIES 
IN HIGHER EDUCATION. "FLORIDA ASM HAS CONTINUED AND WILL - 
CONTINUE TO PROyiDE SPECIAT. OPPORTUNITIES. -FURTHER. UNDER ) 
THE LEADERSHIP OF PRESIDENT SmITH. IT HAS ENGAGED IN FRONT- 
RANK research! Such research is vital in determining the , 

ACADEMIC HEALTH AND PROMOTING HIGH SCHOLARLY STANDARDS 'iN A ^ 
HODeRN iJNIVERSITY. ^ . ■ 

It WAS PERHAPS INEVITABLE THAT THESE HEARINGS ON "SCIENCE 

^ND tecHNOLOGY Under Budget Stress" would bring in a ^ 

.DIVERSITY OF ISSUES AS WELL AS VIEWPOINTS. We HAVE ALREADY 
HEARD SHARP EXCHANGES ABOUT THE RELATIVE IMPORTANCE OF 
KEEPING UP THE RESEARCH LEVELS aV THOSE UNIVERSITIES miCM 
•ARE ACKNOWLEDGED AS BEING OUR VERY BEST. VIS-A'VIS KEEPING 
UP THE RESeWh activities A,T UnIvERSI TIES WHICM ARE 

• GEOGRAPHICALLY DISTRIBUTED BUT HAVE NOT AS YET ACQUIRED THE 
HIGHEST ACADEMIC PRESTIGE. , ' ^_ 

As THE D6LLARS GROW MORE SCARCE. SUCH CHOICES MAY HAVE TO 

Bfe MADE. This is probably^not the time to explore this 

ISSUE IN DETAIL.,BUT 1 THOUGHT IT WOULD BE VERY IMPORTANT 
FOR US TO HEAR FROM A UNIVERSITY THAT IS STILL TRYING TO 
DEVELOP A PI^OGRAM'OF EXCELLENCE IN THIS TIME -OF BUDGET 
STRESS, 

■ Presi'dent Smith. 1 welcome you ^o^ these;hearings mb I want 

% TO CONGRATULATE YOU ON THE EXCELLENT JOB YOU AR^ DOING. 

understand' THAT Hr. F^LIPPO WOULD ALS'O^IKE TO WELCOME YOU 
AND MAKE A STATEMENT FOR THE RECORD, Hr. FlIPPO. 
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We would like to start our hearings with a slight change. I know 
the chairman would like to address Dr. Smith and, Dr. Smith, with 
your kind agreement I would like to' start with Dr. Bloustein's tes- 
timony first, if that would be accepfrfthl ^, if ybur schedule will 
permit that. . , * ' - 

I would like to ask unanimous consent of the comrpittee for/tape 
recordings and photographs and television during this session. 
Without objection, we wiJl conduct it in that fasHion. - 

I think the chairman, Mr. Fuqua, has been receiving the te^img- 
ny of all oui: witnesses and then, when all testimony has been pre- 
sented and then going to quejstions in the interest of time. 

So, if it would be acceptabJe we would like to have your testimo- 
ny at this time, Doctor. Please feel free to summarize your state- 
ment and we will include your entire statement in the record. 

I might say that Mr. Roe would like to have been here to extend 
his welcome to you, but he could not be here. 
_ (The biographical sketch of Dr. Bloustein follows:] • 
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RUTGERS ;.EU3'SERinC£ 

Barbara Selick Oawson, Director 

Tel, (2ft) 932-7004 - '-^CvOber 1931 

8ICGR.VHICAL OUTlL^S OF CR. £0.'JA?C J. .aCUSTE:N,^KZSia£:^T 0^^ RUTGERS,^ THE STATE 
urn VARSITY OPNEy JERSEY 



£OUCATIC 



professional' 
experience: 



?!ew York Cuy, J^.^-uary 20» lf25 '' • - . > 

Sen of Sjn-iel Blc^sts^n (deceased) and Ce.ba (Einitshner) 
Bloustein (deceased) ' ^ . ' 

J.C., Ccrnsll Uw School , 1953 / ' 

Ph.D., in Philosophy. Cornell University, 
8. PhiU, Oxford L'niversity, 1950 -(Wadham College) 
B.A.. New York University, 1943 (Washingtorv St?uare CoTlege) 

President, Rutgers, The State University of Jiew Oersey, 
1971 to present. . ^ , ^ 

''etnber. Board of Directors. United Jersey. Banks. 1972 to present. 
Ksffiber, Board of DC^ctors, Columbia Pv^tures industries^ inc. 

1976 to present, 
^resident, Bennington College, 1965-1971. , 
Professor of Law, i;ew York University Caw School , teaching Torts 
t and Jurisprudence. 1951-196*, / ; , „ . 

J>r1vate La'/i Practice, specializing- in Apofellate Law, Hew Yor< 

CUy, 1951-1^65, * / 

Law Clerk to fonner Chief Ju<jge Stanley /H. Fuld of the Court 

J of Appeals of tie State of:i;^w Y< rk. 1959-1961. - 
Political Analyst;" United Stat^s/Deoartiient of^tate, 
.^^ 1951-1952, 1555-1956, ' . 
Instructor in loaic and Philosophy, Corhell University, 
T954-1 955 

Lecturer In Phildscphy o,f Law and Social Philosophy, Bro,oklyn 
- . Collogft, 195C-1951. » ' , * 

M€ir.b2r of thp Sar;*»ew York S*ate, The State of Vennonj, 

PUBLIC SERVICE^ President, College Public Ageijcy Council of 

of the United States Civil Service Cotnrjission , 1977 
to present. ^ ^ , ^ . • 

reiRber, Ccai::ission pn Individual .Liberty and Personal Privacy, 

State of f:cw Jersey* 1977 to present. 
Chainran of Council of Presidents, and rrAr.ber, Executive 

Comttse, riational Association of State Univers,tios 
and Land^Gr&n.t Con^Ses; r c*.4. 

Chataan, Legal'/At^airstofnriitte^. National Association of State 
^ Universities and'Und-Grantr Collefies. 1975 to Present 
' Special Con5tii£tee on the^S^cond Century. Bar Association of the 

Ci'ty (iew'Yojf^V '^72 to present. * 
' ?*fci;\ber Adviijory Council .^Cprnell Law School, 1974 to presenv. 
Member, AdvldoVy Council, -Departn-^nt of Philosophy. - 

Princeton 'Jnf;Versity, 1973 to present, . ^ 

Henber Panel on Priva^y^snd Behavioral Researcn, Executive 
Office of the.^»residcnt, 0ffic6 of .Science and 
Technology. 1957.' i^ee "Privacy and behavioral Research, 
a report of the Panel (19C7). * ' ^ 

(over) 
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^UITARY SERVICE: 



SOOJ^S, REPORTS 
m A'^irCCES; 



•1946, discharosd t*Uh rank of 



AWARDS m 
OISTINCT^OfiS: 



FAMILY: 
J 



6 



Starved y/Uh the U.S. Amy 19-'?: 
staff sergeant. • 

Freedon of Exgresslon . a booklto be published in 1982. 

"Social Responsioility, Pubbl Policy, and the law Schools, "r " 

'(eft York University Uw Reviev/, (1930), 
Individual and Qrouc Priva cy. Transaction Press(1978). 
"Privacy Is CearV^t Any Pnce: A Response to Professor P^sner's 

Econonic Theory," 12 Gd._l, Rev . 429 (1973): 
"Group Privacy: The Right to HudUle," 8 Rutgers- Cam d^ LaV^ 

Journal 219 (1976). ^ - . 

'T^e First AmeioTent and Privacy: The Supr«pe Court Justice and 

the Ph1l6scpher," 23 Rutgers U;; Review 41 (1574). ' 
The University and the Count erc ulture.'Rutners yniversity Press 

[Tmr. — ^ ' 

DiTOnsicns of Acadenic Freedon , joint author, Illinois University 
Press (1969). 

"Privacy, tcnrt j.aw and the Constitution," 46 Texas Law Review 

611 (196o).^^ — ^ 

"The Statute of Limitations Applicable io Corrcon Law Recovexy 
fgr Radiatfcr. Injuries," a study for the Atonic Energy 
. Coaiis^ions {1J6>:^. 
:<ucl ear Energy, Public Policy and the Law , editor, Oceana Press 
^ (1964). ^ 
"Privacy As An nsp3Ct of Kurian Dignity," 39 New York University 

Law Review 962 (1964). : ' 

"Locic and Legal Realism" 50 Cornell Law Quarterly 24 (1964). 
"Account of a Field Study in a Rural Area of the Representation 
of Indigents Accused oi Crinie,:' with B.F* Hillcox, 
59 Columbia Law Review 55 1 (195°). ' ' r 

"The Griffin Case— Poverty and the Fourteenth Amendment, * with 

; B.F. Willeox,*43 ComeTl Law Quarterly 1 .(1957). 
•"Political Oynanfcs in jEast Gennany," a study for the Office of 
Intelligence Research of the United States Oepartnant 
of State, (1956). 
"The Reconstitutlon of the Socialist International," a/study for 
the Office of intelligence Research of the United States 
Department of State, (1351J. 

L.H.D. (hon.) Hebrew, Union College, 1977 
LL.O- (hon.) 'College «f Charleston, 1976 
LL.D. (hon.V University of Pennsylvania, 1975 
LL.D. (Hon. r lew York University. 1972 
LL.D. (hon.) Cedar Crest College; 1970 
Edi tpr>1 n-ChleL JCorneU^LawJluarrRrl y . 1 3S9 



Ful bright S'cholar at Oxford University, 1948-50 
Phi Beta Kappa, 1948 ' ' 

"Business Statesman of the Year," Sales Executive Club of 
" New Jersey*, April, 1978 

He married Dr.. Ruth Ellen Steinman, a pediatrlcftn; in 1951 
and they have two daughters/ Eli se, bom December 31, 
* 1952 and Lorl , bom October 17, 1954. 
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STATEMENT OF DR. EDWARD J, BLpUSTEIN, PRESIDENT, 
^ .RUTGERS, TH>: STATE UNIVERSITY OF NEW JERSEY, NEW 
BRUNSWICK, ^^EW JERSEY ; . . 

Di*. Bloustein, thank you very^ mufdi, Mr. Chairman, and mem- 
f bers of the committee, - , o i. 

^ I am Edward J. Bloustein, president of Rutgers, the State/ univer- 
sity of New Jersey, and I am pleased to join my colleagues from a 
number of distinguished universities this mornmg to contribute to 
this wmmittee's hearing and review of U.S. science ajhd technolpgy 

' \ under b^udget stress. - . • xt ^ V ' 

It is a, subject of the greatest importance to our Nation .and tg 
our Nation^s universities and I congratulate the committee on fo- 
cusing so sharply on this vital issue. , ^ . ; 

The commitment of Rutgers to science and techxiology is tunda* 
mental. I am pleased to add as well that although we are being se- 
" verely strained, our program fsTstill sound. Moreover, let me add 
that however great the stress, science and technology will continue 
to play a central role in*^he university's teaching an4 research mis- 
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As I have intimated, however, we are currently facing substan- 
tial budget problems in science and technology, specifically in the 
areas of faculty compensation^ graduate support and, equipment, 
aad facility needs which threaten ou^ very capacity and th^ contin- 
ued quaHty of our effort 

It IS my overall'-judgment, and that of many of my colleagues 
throu^out the country, thai the maintenance of current levels of 
scientific and technological support will only be sufficient to main- 
tain the status quo in our universities. ' ^ 1- 1 J • 

It' will not enable us to recapture ou^' once commandmg lead m 
the international s^pheres and it' will nqt enable us to help revital- 
ize as we should, this Nationjs ecojiomy and this Nation s defense 

preparedness. * ' , ' i . n xi_ i 

— r would: litenorTeview--mthrthi briefty-t4ie-role- 
of science and technolo^at Rutgers and the problems facing us I 
should then like to focus.6n the specific areas ftf graves^ concern- to 
U3, including-tliose areas most appropriate, in my judgment, tor re- 
dres$ by the Federal Goverrmifent ■ ' . • ^ 

Rutgers College, the antecedent qf Rutgers, th^ State university 
was charte'red in 1766 and is the eighth oldest college in the United 

States- * t * 

We 'became the land-grant college of New Jersey in 1864, the 
State university in 1956. I should add that we are the only colonel 
college that became a land-'grant college and a State university, 

Science and tech^jology have played a large part in the \ini^rsi- 
ty's mission from the earliest days bf the colonial college to today s 
multipurpose, multicampus university 'Which enrolls 4«,UUU stu- 
dents and has an annual operating budget of some $300 million. ^ 
Indeed, the scientific- and technological interests of the university, 
were instrumental in obtaining the land-^ant status and as a 
•State university we have emphasized scierice and technology at 
every step in our development. . ^ ^ ' . : 
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I hope you will indulge for a few moments at least while I 
take a moment to point with pride to certain of our accpmplish- 
-ments. • . * , * ' ' 

Our departments of physics and mathematics have, both been 
designated as centers of excellence by the National Science Foun- 
dation. ' * . 4 

Our microbiology efforts are based at the Waksman Institute, 
named for the distinguished Rutgers Nobel Prize winning .faculty 
member Selman Waksman, who 'discovered streptomycin. 

We have substantial .work of national distinction in statistics, 
chemical engineering, and agriculture. Our computer science de- 
partment is one? of the strongest in the United States. 

Our « faculty has been enormoiisly successful in competition for 
Feoeral research' funds awarded under th& peer review process. In 
fact, Federal grants have double^ in the last 5 years and we are 
currently veVy excited about the possibility of extendkig our coop- 
eration with industry. ' 

. We are ven^' enthusiastic about the recent National Science 
Foundation initiatives in generic research designed to foster uni- 
versity-industrial cooperation. 

And we are proposing a very heavy investment in the area of ce- 
ramics* research in our college of engineering which has both a 
Iqng-range history of excellence in b^sic research, and very strong, 
ties' to industry. 

However, as this committee might realize, I am very concerned 
about certain tendencies which seem to threaten our current level 
of achievement as a center of research and science and promise to 
forestalRnecessary progressive development. 

Let m^ describe my general concerns by focusing on four specific 
areas' faculty compensation, graduate student support, equipment 
instrumentation and facilities, and the current steady state level of 
Federal support of resea^j^ch. 

In simplest terms, tlie problem of fa culty co mpensation in cer-' 
tain areas of science and tecfhnology, particularly^omputer sci- 
ences and. engineering, is the disparity between our salary scale 
and the salary scale offered by industry. 

It is not uncommon for o^urJaculty to receive, salary offers from 
industry at a level of $20,000 a ye^r higher than ^we can offer at 
Rutgers. \ * / ^' 

' I underscore .that this disparity exists despite the fact that our 
salary scale is among the top 5 percent in the Nati6n. 

The problem is compounded by the* fact. that our, ability to retain ^ 
faculty depends not only on salary but also on the ni^intenance of 
an overall" research environmAt including graduate and technical 
assistance, state-of-the-art instrumentation, equipment and facili- 
ties, and a reasonable level of external funding adequate to meet 
the high cost of research^ ' 

All ^f these elements of the research environment are, in my^ 
judgnient, matters of Federal competence and they require ^he at- 
tention of the Federal Governmei^t. ^ 

A supply of quality graduate students is crucial to our mission as 
a research university. Successful basic research depends on quality 
research assistance which, in turn, requires that we prepare the 
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personnel and proce^beb for that assistance to continue into the in- 
definite future, . . V. r ' 
y .-Thus, as we do our current research, we must train future 
^archers to carry on future research efforts. 

'We, at Rutgers, have reached a crisis stage Jn such areas as engi- 
neering and computer science. Industrial demand has been so 
severe and the^ rewards so great that college seniors find graduate 
work unattractive at the substantial expense of our graduate and 
research programs. ' , ^ 

The Exxon Foundation has recently estimated that m order to , ^ 
attract students to graduate work, stipends must approach one- 
third of the level of ^rting industrial salaries for graXuating se- 
niors which now exceeds, $25,000. This is a salary for a graduating 
senior. , • , * ' ; . • • 

Generally, our stipends run $6,000. The most immediate impact 
of this on the university and on all univei^sities is that we are 
breaking the lines of continuity in our ba^ic resear^ch program. 

We afe* plainly not training sufficient numbers of either current 
or, future faculty. - • , ■ • 

Our department of computer sclenc.e, for instance, has always 
h#d more faculty lines available than it can fill. And we have been 
forced to freeze the tevel of majors in that department. ^ ■ 

The situation in engineering is equally disastrous. Nationally 
there*is a shoftage Of '2,000 engineering faculty. " 

I take no pleasure in noting that a recent Library of Congress 
survey done at the request of Congressman Ike Skelton finds the ^ 
Soviets training five times the number of engineering students that 
we are training. ' ^ . . ' 

I also note that the Defense Department currently estimates it 
has 5,Ql00 unfilled civilian and military openings in the hard sci- 
ences and engineering. ' ' o, r j i. 

In terms of scientific research and equipment; State funds at 
•Rutgers allow us to replace 1 percent of our equiixnent a year. At a 
— nvinimumT-we^hould-be-^replacinglO-percent of that equipment^n-. 
nually. We ^implv can't' wait a century for equipment replacement. 

We must rely heavily on Federal grants, student tuition and en- 
dowments to make* up the crucial difference between neqd and 
State support with the Federal contribution -looming much larger* 
than any of thp others, t t lu ^ 

Let me say plainly and as emphatically as I can, that without 
the equipment grants available in the recent past through the Na- 
tional -Science Foundation, our equipment and instrumentation will 
soon fall far belpw the national norm, which, is estimated ^y the. 
Ulational Scierice Foundation ahd the Association of American Uni- 
versities to be twice the age of equipment found in industry. 

In fact, industrial leaders now regularly complain to me that 
they must retrain our best students to use state-of-the art equip- 
ment which students have never seen at the university levd. 

To turn tcTfacilities, the .picture looks equally bleak. . We have a ^ 
$20 million backlog of deferred maintenance and repairs. ^ 

Our animal care facilities are in compliance with relevant /edeC^ 
al regulations. However, we require an expenditure in excess of $4^ 
million to meet the accreditation standards of Jbhe American Asso- 
ciation for Accreditation of J^aboratory Animal Care.- * 



We estimate that our library, especially our science collections, 
our College of Engineering and such facilities as the Wakst^^jn In- 
stitute requii^-e some $50 million of investriielit to maintain their 
level of equality.^ \ - ■ ' ' ^ 

* I want to assure this com^nittee that I have, in, the past, and I 
intend *in\the future ♦to devote every resource, at my disposal to the ' 
maintenance of scientific ^nd technological activities at Rutgers. 

My point is to emph'asize to th,c committee that short' of major 
Federal contribution in these areas, other available resources are 
insufficient to meet our needs. Neither State appropriations uor 
coj-porate inv^tment in this area can begin to fulfill our needs. 

We hav^ heard rduch recently about the potential role of ffie pri- 
•vate^s^ctor in supporting research programs at America s universi- 
ties. Rutgers has had substantial expel*ience in this area. 

The work^of Professor Waksman, which led to the discovery of 
streptomycin, was' funded by Merck and,C6. Current cappus sup- 
port ranges from the Bell Laboratories' funding of some of the costs 
^of our nuclear research laboratories to the exciting and innovative 
- industrial cons(5rtium that has just been formed'.tq fund the ceram- 
ics work at our College of Jlngipeering whilq ser^^ng the, ceramics 
industry* itself^ ' ' " ' 

I have given highest priority to increasing private sector support 
at KAtgers and just^stablished in my' own office an Office of Indds- 
trial Liaison and Reserved Ser\;iceS. I have worked nationally with 
New Jersey*siuQior Senator, BiH Bradley, to incorporate tax cred- 
its for busineBs support of research under the 1981 Tax Acts. 

Our CoUege^'of Pharmacy Has industrially .funded faculty posi- ^ 
tions and we are engaged in a fund-raising campaign for certain 
campus building additjpns. ^ , " 

This experience has iJeen encouraging but it has als^ led me to 
, understand the limits of industry's capacity to support university 
research. . ^ * * < 7 ' 

^Jtecause of the-conditions-under which industry n\ust, report, 
quarterly and annually, a bottom line profit, they are simply not.in 

position to make ^an investment in the long-teFm returns of basic 
•research. " . ^ , * . ^ ' 

They can only^ support ba^ic research in a very limited way. 
Their substantial iijvestment must necessarily be in that applied . 
research which* is nearer to the development stage and which will 
show up on quarterly and^nnual accounting bottom lines to man- 
agement and shareholders.^ 
• Looking at State support, I note Jthat the State* of New Jersey 
ranks 46th *in higher education expenditures per capita, 44th in ex- 
penditures per student aivd'42d for po|)ulation aged 18xo*24. . 

In a pattern spmewliat common to many Northeastern States, 
New Jersey does not have a record of high investment in higher 
education, particularly in.the public univ^sity segment. 
4i The State bbdget at Rutgers this year is exactly what it was last 
year and we have made up a 10-percent inflationary difference 
^ through severe budgetary cutbacks, and an 18-percent tuitior^ in- 
creasy. ' ^ * < 

I have no doubt the State of ^few Jersey, like so many other \ 
States, can^and^will do everytjiing in its ability to fund the univer- 
sity. I alsp^have no doubt that the State will face' enormous de- 
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inands in ternjb of recyntly added social welfare and other pro- 
grams at a time oe-«rfetively high unemployment and dochiung 
revenues. 

What IS left over m that State appropriation bill cannot begin to 
mamtain, nci less advance, our 'scientific and techhological enter- 

prise ^ • ^ 

This then leads me to the^role of the FederaUGovernment in the 
budget stress facing science and technology at Rutgers As this 
committee is well aware, during this century the U S. Government 
has become, properly, the prime investor in basic research, particu- 
larly the 80 percent of basic research done to^our Nation s universi- 

ties. V ^ * T 

' We have now\seen some real slippage in thaf investment In 
1965', the United^tates invested 2.8 percent of its gross national 
product in research and development. • t> . , 

In 1980, the figure had dropped to 2.25 percent. During the same 
time, Germany increased *its investment by 80 percent- In Japan, ^ 
th.e growth has been 40 percent. ^ c a \i u ' - 

The Department of Defense estimates it has undh^funde()|^ basic 
research by $4 billion since 1965. . \ u 

In a recerft statement that Department noted that America s Cur- 
rent lead in the Stealth bomber and related radar devices, is a 
direct result of the heavy" expenditures m basic research in U)bO, 
That same statement notes, however, th^t olir current weakness 
m submarine warfare is a direct result of aUack of basic research 
support in metallurgy and metal joining which were inadequately 
funded in the I970^s. . ^ i ^ . 

Gentlemen, there is a direct relationship between the support ot 
'basic research in our universities and. the health of our economy- 
and the- prelparedness of our national defense. . ^. u- 

I want to emphasize that what I am referring to here is the. his- 
tQdcalJecline^^inc^itJeast 1965 of the real level of FederaUup- 
port in such areas as fellowships, research, moneys an^ other areas 
vital to a sound research bas^ needed to support Americairnndus- 
try and American defense pr^'pareditess. ' 

I do not wrsh to imply that what we are today is the result solely 
of the current administration or any single past administration , 
It is true that the current administration's cuts m the social sci- 
ences and student financial aid as well as 'their general policy of 
level funding for current science research and nonfunding.new pro- 
grams have affected Rutg^?. „ ; , ' . f \i- 

However, as Lsaid earlier, our Federal research funding ha^ dou- 
bled in the.last 5 years. What concerns me most is that there as no 
aggressive policy which will define a fair Federal share in the solu- 
tion of such problems as graduate student assistance, and inad- 
equate facilities and equipment in science and technology. 

Indeed, in the area of graduate studenf support there is already 
a distinct and menacing threat. . . • 

- In terms of graduate student support, I believe that administra- 
tion proposals to be announced fomally on Febru^ary 8, 1982 will 
undercut the very core of our activities. . 

As most of you are aware, the administration has proposed to ex- 
clude gi"aduate students from* the graduate student loan program. 
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cut college wuik .stuci> niuric^vs b> une-thi|*d, and end Federal fund- 
' ing of the NDSL program. * 

We have 4,033 full-time* graduate students and* we are the 12th 
largest university in terms of graduates in the? Nation. About half 
of these students recdve aid from the above three programs. About 
SOO recipients are in the sciences an4 engineering and their aid 
under these programs, of cours*e/wilJ either be sharply curtailed or 
eliminated. * ^ 

In terms of equipment and instrumentation, l.am sure that this 
committee is aware that last >ear the administration proposed a 
$100 million fund ^t the National Science Foundation. The current 
administration has simply removed those moneys. 
^ In terms- of facilities I would note that -in the last 15 years the 
Federal investment in research facilities has declined from $130 to 
$•30 mrillTon while construcfidn costs have multiplied several times. 

In terms of the level Federal research budget, I can provide you 
with one immediate example of the impact at* Rutgers. 

Our computer, science department's presently applying for one 
of the centers 'for reseaTch and experimental computer gmnts 
funded' through the National Science Foundation. Given the na- 
tional need for manpower in computer science, some experts sug- 
gest t^iat there should be at least 10, to 15 of these centers in the 
unitetSStates. 

Before the recent administration cutbacks, the National Science 
Foundation had intended t6 fund four. We now learn that they will 
fund two. 

On April 3, 1981, it was my privilege to chair a panel of universi- 
ty and corporate scientists and administratorb who appeared for 
the first time in over a decade before the House Armed Services 
Subcommittee on Research^^nd Developn\ent and ^ho testified on 
the status of the university research base for defense. 
testifiedLat Jha1_time-thaL_the-univ4jrsity_researx:h base for- de- 
fense preparedness was in somh considerable disrepair. The nation- 
alre)tpenditure for research has decreased, markedly, there i&a seri- 
,ous short^ige of trained research personnel and our research equip- 
rnent ar^d facilhijpp are in a^ deplorable State of inadequacy. 
' As ^ result .fef that testimony, I am {Jleased to say, the Armed 
Services Coiiittfittee will greatlyjncrease its expenditures for basic 
research. , x , - 
- Lhope this committee will take the same action as the Armed 
Services Committee.- , ' * S 

I w6uld, therefore, like to-liiake the following recommendations 
for the committee's consideration. ^ 

First, 1 would urge this, committee to give high priority recom- 
mendatiop to the maintenance of graduate and professional school 
students in the guaranteed student loan program as welL as' urge 
continued funding for the NDSL and tHe college work study pro- 
grams. 

Second, I would recommend this committee bolster the equip- 
ment and instrumentation portions of the National Science Foun- 
dation grants and review the need to reinstate a separate instru- 
mentation program. * , , ' 
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I would abu encourage the committee to meet witlr its counfer- ^ 
parts 111 such areas as Defense and Commerce to address this very 
serious problem. 

Separate from the instrumentation and equipment issues, we 
also have, third, a problem in scientific research facilities. 

In my judgment, the solution to that problem will involve some 
participation and funding by the Federal Government I would 
urge this committee to review the matter in some formal manner, 

I deeply appreciate, Mr. Chairman, thi^ opportunity to appear 
before such a distinguished committee whose members have given 
sucK great historical support to science and technology at Ameri- 
ca's universities. , ^ , . r 

I have developed this testimony with full understanding ot the 
competing needs being placed on the Federal budget. But I urge 
this committee to remember the extraordinary value this Nation 
has received from its investment in research and development as a 
stimulation to our Nation's economy and as a provision for the na- 
tional defense. ' , , ^ • • 

This Nation's greatness is truly tied to the developments in sci- 
ence and technology of the last centtlry, particularly to the period 
of such development since World War II. 

Your committee has served our Nation well in these, develop- 
ments. Please be assured of my full cooperation and. support of 
your work now and in the future and that of my colleagues. , 

Let me add one final word. . . ^ 

I am not here personally to take any stand on national priority 1 
am here, however, as a professional to say, that given this adminis- 
tration's priority, the highest order effort should be made to fund 
our B^sic scientific and research; resources in the universities of 

this Nation. ' , xt i.- j 

If defense preparedness is at the top of our need as a Nation, and 
if a devitalization of the economy of this Nation is second, each of 
those goals can only be accomplished through a revitalization of 
the funding of university research and technological efforts. 

It was those efforts that made for our greatness as an economic 
power in the postwar period; and built our military preparedness 
Wp- are slipping fast. ' i ^ v 

We urge this committee most strongly to see^th'at we don t slip 
further and that,*mdetjd, we recapture our position. 
Thank you very much, Mr. Chairman. < 
(The prepared statement of Dr. Bloustein follows:] 
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I aa Edward J. BX6u»teln, Presldene of Rutgers, The State *Unl vers! ty 
-^pjy^cw Jerjey^ It is ny unders^aadlog that the purpose of this hearing 
Is to r.evlew: < "U, S.^Sclence ^'M Technology? Under Budget IStress," with" 
•/presidents of a representative nuober of cajor unlversl't^lsv ^ , . . 

The cowmltnent of Rutgers to science and technology is sound, and 
science and technology will continue to play a central role in the Uofversity' 
te*chlng and research aisslon. However, I must also Infom this Conaaittee 
that Rutgers is facing najor budget probleos in science, and technology, 
^ ' specifically in the aijeas of faculty compensation, graduate support, and 
equipment ax)# fac ill ties needs. It is 'alsocoy Judgment that, in total, the > 
level of scl^tlflc and technology support available, to the University is 
adequate Sxdy to naintaln the status quo; it is not enough to maintain or 
increase our lead in international competition. A full solution to this 
budget stress if beyond the available reso^J^s of our students, of our 
^ endownents, of the private sector, and ofi state appropriations. ^ 

I should like to review with this Comaittee' very briefly the role of 
science and technology at Rutgers and the problems facing us. I should 
then like to focus on areas of budget stress, including those are^s most 
appropriate for redreas by the Federal Government. . _ 

Rutgers College, the antecedent of Rutgers. The, State University of 
• New Jersey, was chartered on November 10, 1766 and if the eighth oldest 
^ .college'in the United States. We became the land-grant college of Uew 
Jersey in 1864 and ttte state univjersity in 1956. Science and technology 
have played a large' pSrt in the University/s miss i'6n front Ch^ earags^t^days 
of the colonial college to^today^s multi-purpose, multi-c*apu8 University 
which enriUs some 48,000 students. Indeed the scientific and technological 
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interests of the University verje Instrumental in obtaining the land-grant 
status,^ and as a state university, we have eoph^slzed science aftd technology 
at every step in our developiaent. * 

t can point with sone pride at certain extraordinary ^complishments. 
Our Departaents of Physics and Mathematics have both been designated as 
Centers of Excellence by the National Science Foundation. Out microbiology 
efforts are based at the Waksnan Institute, named for the distinguished Rutgers 
,Kobel Prize winning faculty oember, Selman Wakscuin> vho discovered streptomycin. 
Wfe^have substantial work in Chemistry, Statistics, Engineering, and in the 
agricultural ar^as. Ouc Computer Science Dep^tment is one of the strongest 

in the United States. Our faculty have been enormously successful in competi- 

V • '^k- 

tion for federal research funds awarded .under the peer review process. In t 

fact, federal grants have doubled in thef )last''f ive years. 

We are currently very excited about the possibility of extending our *" 

cooperation with Indus try • We view with great affirmation the 'recent NSF 

initiatives in 'generic research, which foster university- Indus trial cooperation, 

and we are proposing a very heavy investment in the area of ceramics reseaifch 

in our College of Engineering, which has both a long range history of excellence 

in basic research and strong ti es with industry. However, as this Committee 

might realize, I do have some alarra about certain directions taken in the 

development of our university research base. These developments have led to 
Q 

the budget stress which most affects the profile of science and technology at 
Nev Jersey's State University. That budget stress can best be dealt with under 
the succinct headings of faculty compensation, graduate student support, 
equipment) instrumentation ahd facilities^ and. the current steady state level 
of federal support. ' ' ■ , 
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At one staple level the probleAof faculty coapensation In cerCtla 

treas in science and technology, particularly Computer Sciences and Engineering, 

Is one of disparity betveen our salary scal^ amt "^e salary scale of Industry, 

vhlcb has such heavy decands at the current tice. It Is not uncomicon for our * 

faculty to receive salajy offers froo Industry at a level $20,000 per annua 

higher than those at RutgersX This Is a V^oblen for New Jersey and for Rutgers 

to address and. I ac pleased to note that our salary scale still Is In the top 

10 per(^ent of the Nation^ s colleges and universities. However, on a acre 

cosplex level, the catter of faculty coapensatlon Includes eleaents necessary 

to conduct successful research. These eleaents Include an envlromsent 
ft 

vhlch fosters f^ee Inquiry, graduate and technical assistance, u^-to-datc ^ 
instrunentatlon, equlpaent, and facilities and a reasonable , level of external 
funding adequate to aeet the high cost of research. ^^1 of these areas» In 
niy Judgment^ are cutters of sotae federal concejra. 

the rple of graduate studenta at Rutgers Is crucial to Its mission 
as a research university. Succetaful basic research aust build on succeaalve 
past .efforts while' preparing the personnel and procesaes for the work to 
continue Into the^^lnd^f Inlte future. Thus,ve aust train future researchers 
as we carry on current research. 

In science at Kutgera» we have reached a crlsla'atage In such areas aa 
Engineering and Coaputer Science. Industrial deceand has been so Severe and 
the refrarda ao great that seniors find graduate work unattractive— at the 
aubstantlal expenae of our graduate programs. The Exxon Foundation has ^ 
recently estimated that in order to attract studenta to graduate work, 
stipends must approach one third of the lev^l of atartlng industrial 
aalarles for graduating seniors^ whljcH now exceed $25,000. Generally our 
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Stipends run $6,000 » The most icaediate impact of this on the University, 

*nd on all universities, is that wft are breaking the lines of continuity in 

Our baiic research prograa'and not training sufficict^t numbers of either 

current or future faculty. oSr De'parttaentJ>£ Computer Science, for instances 

has always had nore faculty lines available than it can fill and we have 

been forced to freeze the level of majors in* that department. The si£uatipn 

in Engineering is equally dana^ng. Nationally, there is a shortage of 

over 2,000 Engineering faculty. I take no pleasure in noting that a recent* 

Library of Congress survey done at the request of Congressman Ike Skelton 

(Deaoc rat-Missouri) finds the Saviets training five' times our number of 

Engineering students, t would also note that the Defense Department currently 

estlmaCes It has 5,000 unfilled civilian and military openings in the hard 

s.clences and engineering. * 

In terms of scientific research and equipment , 'state funds at Rut;gcrs ~ 

altow us to replace about 1 percent of our equipment each year. At a ^ 

♦ 

slnlmum, ve should be rep^lacing 10 percent of that equipment, and rather 
tlian wait a century for equipment replacement, we rely heavily on federal ^ 
grants, student tuition, and endowments to make up Ihe crucial difference. 
I would emphasize that without the equipment grants 'available in the recent 
' past through ^the National Science Foundation, our equipment and instrumental 
tion will fall far below the national norm, which KS? and AAU have recently 
defined as twice the age, of equipment found In induatrx. In fact, industry 
has, recently complained that it must retrain our best students in the u^e 
of modern equipment. 
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In terras of f«clll^^, we j^ve a $20 B"y.yon backlog of deferred 

uin^enance and repairs. Our.aAsial care facllicle* are in cocipllance 

with 'the relevant regulations; 'however, we require an expenditure in excess 

of $4 aillion to aeet the accreditation standards of the American Association 

for Accreditation of Laboratory Animal Care. Our Library, our College of 

Engineering, and such facilities as the Waklioan I^istitute will require 

perhaps $50 niUion in the near future, 

I wi s*h to assure this Cooaittee thrb 1 have in the past, and, I intend 

in the future, to-jle^^e every resource at ny disposal to the maintenance 

of scientific and techxwlogical activities at Rutgets, but this Comittee 
♦ 

should understand the parameters and the limits of our non-ffederal resources. 

We have. heard much) recently about the potential role of the private 
sector itJ su(>poTting rese«ch programs at America's universities. Rutgers 
has had substantial expejrlerfce la this area. The work of Professor Wakaman, 
which led to the discovery of streptomycin, was funded by Merck atid Company. 
Current campus suppoi:t ranges frora the Bell Laboratories* funding of some 
of the cfsts of our nuclear research laboratories to the exciting and 
innovative industrial conso^ytium being formed to fund the ceramics work at 
bur College of Engineering, while serving the ceramics Industry. 

, r have given higfiest priority to increasing private sector support at 
Rutgers^ I have recently established under my jurlsdlctlop ^n Office of 
Corporate and Industrial Liaison and Research Services, and I have worked 
nationally with New Jersey's Junior Senator, Bill Bradley^ to Incorporate 
ta,x credits for business support of research under the 1981 tax acts. Our, 
.College of Pharmacy has industrially-fundecj faculty positions and* we are 
engaged in a fund raising campaign for certain campus building additions. 
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This experience has been 'encouraging but it has also led ^ce to understand 
the liai^d parameters of industry support for university research. There is 
sloply no great interest on the part of industry in supporting basic research, 
and tWe is substantial interest in supporting that applied research which is 
nearer to the development stage. 

Regarding the Stace of New Jersey, I would note tha,t the state ranks 
46th In higher education expenditures per capita, 44th in expei\4itures per 
student, and 42nd per population aged 18 to 24. V^en relate3 to income, 
the sute's spending per pe^rsori 18 to 24"raflks 49th. In 9 patCem somewhat 
cojsmon to xsany noirtheastern states. New Jersey does tvot have a record of high 
investnent in higher educatiQn, particularly in the public university sector. 

The state budget at Rjitgera this year is exactly what it was last year, 
and we Jiave made up the inflationary difference through 'budget cutbacks and* 
an 18 percent tuition hike, I have "no doubt that the State of Kew Jersey, 
like so many other atates, can and will do everything, in its ability to 
t^und the Vnlversity. I also have no doubt that the state will face enornous 
demands in terms of recently added social welfare and other program^ at a 
tine of relatively high unemployment and declining revenues. 

This then leads ne to the role of the federal govemmentfin the budget 
Stress facing science and, technology at Rutgers. Aa this Committee is well 
aware, xiuring tMs century the .United States Government has becqifle, properly, 
the prime investor in basic research, particularly the ^ percent of basic 
research done at our Natioti^s universities. We have now seen some real 
slippage in that investnent. In 1965, the United States invested 2.8 percent; 
pf its Gross National Product, in research and development. Jn 1980, the 
figure had dropped to 2.25 percent. During the same time, Germany increased 
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its InvestQcnt by .30 percent; In, Japan, the growth has been 40 percent. 

^ Ihc Depirtnent of Defense estimates it ha^ 'Jinderf unded basic research by 

S 4 billion aince 1965. Jn a recent statement that Department noted that 

/ Aaerlca's current lead In the Stealth Bomber and related radar devices is 

a direct result of jthe heavy expenditure In basic research In 1960. That 

aace statement notes, however, that our current weakness In submarine warfare 

I 

is • direct resxilt of a lack of basic research support In metallurgy and 
nctal joining, which verfe -Inadequately, funded In the 1970* sT 

X wish to empkAslze that what I am referring to here is the historical 
decline aince at leaa?i965 of the real level of federal support in Such 
areas aa fell^shlps, research nonlea,, and other «r^e«s vital to a sound'^'' 
research ''Eaae. X do not wiah to Imply that what we are today Is the result 
adlelT of the current Admlniat ration. It Is true that the current Admlnls- 
tratlon** cuts in- the aoclal aclencea. In atudent financial aid, and In areaa 
auch aa the Office of"^ Water Respwrcea and Technology, ,as well aa the general 
policy of level funding of current acience research and the non-funding of 
new programs, have affected Rutgers. Hovcvei;, aa I said earlier, our federal 
reaearc^i funding haf doubled In. the laat five yeara. What concerns me most 
la that there Is no aggresaive policy which will define a fair federal ahare 
tn the aolution of auch* probleaa as gradtxate atudent asalata^ce, facilities, 
and equipment .In acience and technology. Itideed, In the area of graduate 
atudent support, there is a distinct threat. 

* ^ In terns of graduate atudent aupport,\x believe that A*dminiat|:atlon 
propoaala, to be announced formally on February 8, 1982, will undercut the 
very core of our aptivltlea. Aa moat of you are aware, the Adminiat ration 
propoaed to exclude graduate atudenta from the Guaranteed Student Loan 
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prograB, cut College VTork Study monies one third, end end federal funding 
of the HDSL prograa, Ve have 4,033 full-tine graduate; students and about 4 
half of those rec^e aid froo the^^ove three progracs. About 80O recipients 
are in the scitnces and engineering and their aid u^der thes^ progracs, of 
course, VI4.I either be aharply curtailed or elioinated. 

In terras of ec^uipi&ent and instrumentation, I an aure that this Cocotittee 
ia avare that last year the Adainistration proposed a $100 oillion fund at 
the Katiooal Science Fotmdation. The current Adainistration has aixaply 
reDcxved those laoniea. In tenas of facilities, I would note that in the last 
15 years the federal inrestsTent in research facilities has declined from 
abo6«^$I30 olllion to $30 nlllion vhile construction costs have multiplied 
several tiae%. ' ^ 

In tertofl of the ateady state federal research budget, I can provide 
yOu vith one imedlate exasple of the lopact at Rutgera. Our Computer ' 

i 

Science Departaent ia preaently applying for one of the Centers for Research 
In Experimental Covputer Granta funded tihrough the National Science Foundation*. 
^Given the national need for isanpower In Coaputer Science, aome ej^erta suggest 
that there ahould be 10 to 15 of theae t:ent;ers in the United States. Before 
the recent Adainiatratlon cutbacks, KSF had intended to fund four; now they 
are funding tyo. 

On April 3, 1^81, it Waa tay privilege to chair a panel o£ university and 
corporate «ci^biat8 and adminlatratora vko appeared for the flrat tine in 
over a decade before the Houae Anaed Servlcea Subcojoalttee on Reaearch and 
Development, and ^0 teatifled on the atatua of the unlveralty reaearch bKae. 
I had atated at that time that^the unlveralty reaearch baae for defenae 
pteparedneaa ia in soae considerable disrepair, that the national expenditure ^ 
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for research has decreased matkcdly, that there is a serious shortage of 

trained research personnel, and that our research equipment and facilities 

are in a deplorable sc^te of inadequacy. As* this Cotanittee is aware, the 

university research base al«o supports our national economy. 

^ * ♦ 

I would, therefore, like to make < he following reconatendations for the 
'Conaaictee's consideration: ^ * , 

1. That evexry effort be made to naintain and extend our graduate 
stirdent support in science and technology. I would urge this 
Cotaaittec to give high pt:it>rity reconmendaXion to the oaintenance^ 
of graduate and professional school students in the GSL*program, 

as well as continued funding for HDSL and the SEOG programs. I ^ . 

would also h'ope this Coimittee would urge the maintenance and 

enlargement, wherever possible, of. the research-project-funded, 

« 

graduate »upp>ort. 

2. I would recommend this Coinntttee bolster -the equipment and 
instrumentation portions of the NSF project support grants^ and 
review the need to reinstate a separate instrumentation program. 
I would aUo encourage the Comcdttee to meet with its^ counter- 
parts in such areas as Defense and Commerce to address this 
very serious problem. 

3. Separate from the instrumentation and equipment issues, we do 
have a problem in scientific re^^earch facilities. In my Judgment 

4 the- solution of that problem will involve some participation and 

funding by the Federal Government. I'woul^^&|e this Committee to 
review the matter in some formal spanner. 
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X deeply «p|)i^«^iitte the opportunicy to appear before such t distinguished f ^ 

. / \ • ' . 

Cottalttee whosje m^bcra have given sucb.grci^t his toxical. fi^pjiiort to science ' r 

' ' . ; ' > - ' * ' " ' 
and technology ^^^Aaerica!* universities. I Kave deve^loped this testimony ' 

with a full^uixie1?standing of the competing ^eeds b^ing placed on the federal « 

budget, but t urge this Coiml tte^, to reQeaber the extraordinary value this^ , ^ 

Nation has .received from its investment in research ^nd dev^iopment as a 

sticulation to our Mation*s economy and as a provision for the cbnsaon defense. 

This Nation* s greatness is truly tied to the developments ;in science and 

technolog}^ of the last century, particularly, the period during and since 

World War II. Tour Committee has Served well our Na.tion i;^^t,hose developments. 

Please be assured of oy full, cooperation and support of your Work ntyj and in 

the future. , " , - "t 

Mr. FuQUA. Thank you vei*y much. 

Borrowing* a phrase I heard at the National Prayer Breakfast 
this morning, let^me say, *'Amen, amen, amen." 

I aiu pleased to welcome to this hearing Dr. Walter Smilh, pi^si- 
dent of Florida A\ & M. University. Florida A. & M. is one of those 
traditionally black universities which 'played a crucial historical 
role in efducating black, students when th^ were being deprived of ^ 
other opportunities in higher education.* Florida A. & M. has con^ 
tinued and will continue to provide special opportunities. 

Furthermore, under the leadership of Dr. Smith it is engaged in ' 
front rank research. Such research is vital in determining the*kca- 
demic health and promoting high scholarly standards in a modern 
university. 

^ It was perhaps inevitable that these hearings on science and 
technology under budget stress would bring in a diversity of issues 
as welL.as discussion of them. We have already heard over the ' 
years and in the course of these hearings about the relative iiApor- 
tance of keeping research levels at those universities which are ac>^ 
knowledged as being our very best. \Ye are also Concerned about 
visibly keeping the research activities strong at universities which 
are geographically distributed but do not have or have not as yet 
acquired the highest academic prestige. 

As the dollars grow more scarce some choices may have to be' ^ 
made. This is probably not the tim^ to explcS^ this isiue'^i^detail 
but I thought it would be very important for us to hear from^a^ni- 
versity that is still trying to develop a program of excellence in this 
time of budget stress. 

President Smith, I am very happy jto welcome you. I notice in the" , 
audience, and I will .deviate from protocol and say th^t yiu are ac- 
companied by two very fine young people that came up here to 
make sure you stay/ on the right track, your daughter and son, who 
are very fine studepts themselves. 
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I want to welcume you to the hearings and congratulate you on 
doing a^ve/y fine job. I understand that Mr. Flippo, who has been 
most interested in this subject has a statement to make iior^ the 
jrecord. 

Mr. Flippo, Thank you, Mr. Chairman. 
' Prebident Smith, I should like to join the chairman in welcoming 
• you. 

As you know, I come from Alabama, a State which shares a 
border and also many aspirations with your State of Florida 

The chairman has refisrred to testimony we have received con- ' 
cernmg the setting of prioHties in the use of the declining Federal 
funds that will be available for the support of science and technol- 
•^y. In particular, we have heard testimony by Dr. Key worth. Dr. 
Tress, and Dr. Saxon that the elite sch9ols must be protected as we 
react to the budget stress.- " . ' • 

It may be i^ash for me to argue with this impressive array of aca- 
demic wisdom, but I must say that I da not regard this as a closed 
issue. - ^ ^ 

It is a matter of statistical fact that most of our students are not 
educated m the so-called elite universities; they are educated in 
schools like Florida A. & M. and the University of Alabama. For 
that reason it seems to me to be of crucial concern that the aca- 
demic qualit> be maintained. at those universities that have not • 
achieved that special prestige. Support for research at these uni- • 
versities undergirds the quality of instruction, in' part because the 
schools do -not have a long history of front-rank scjiolarship. 

I will not argue t^at' Federal money should be^distributed mind- 
^ les^Iy on a strictly geographic basds. But I do think it is wrong to 
ignore, the needs of the students around the country at the places 
where they are being educated. What I am looking for is a geo- 
graphic distribution of academic excellence rather than geographic 
distribtition of funding. * . 

I submit that it may even Be tr.ue that a relatively minor cutback 
in the funding for those schools that are getting major funding now 
could have a salutory effect. Th^t would be consistent with>the ^ 
views that Dr. KeyworEIThas expressed. But, I believe that with- 
drawing the small amount that the nonelitist colleges and universi- 
ties receive would have devastating effects on them and on the 
quality of education that such schools offer. 

I agree with Dr. Carl Leopold who testified ^yesterday that: 

The concentration of funding »n the most prestigious laboratories can^eriously 
impede the development of >ounger stafT and can interfere with the flow of student 
training in the. smaller or less notable universities. 

So, President Smith, I would join with the chairman in extending 
to Vou a hearty welcome and look forward to your testimony^ 
^ (The prepared statement of Mr. Flippo follows:] 

" Welcoming Statement of Hon. Ronnie Fupro .(D-Ala ) ' • 

Prebident Smith, I should hke to join the chairman in welcoming you As you may 
li,now, I cbme from Alabama, a State which shares a border and also many aspira- 
tions with your State of Florida. < , 

The chairman has referred to testimony we have received concerning the setting 
of priorities in the use of the declining Federal funds- that will be available for the 
support of science and technology. In particular, we^have heard testimony by Dr 
> Key^grth. Dr<, Press, and Dr. Saxon that the elite schools rnust be ^)rqtected as we 
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^ rvact to thf buii^tt .-^tien^ It ula) be uibh fur me tQ argue with thi» impressive arra>^ 
of academic wisdom, but 1 mub't tuy that I du not regard this as a dosed issue. 

It IS a matte t of statiSt^aL fact that most of our students are not educated in the 
so-called elite unuersities, the> are educated in schools like Florida A&M and the 
University of Alabama. For that reason it^eem^ to me to be of crucial concern that 
the academic 4ualit> be maintained at those universities that have not achieved 
that dpecidl prestige Support for research at these universities undergirds the q(Ual- 
itv of instruction, in part because -the schools do not hav^ a long history of front- 
rank scholarship. < * 
* I Will nut argue that Federal nion^> should be distributed mirjdlessl> on a strictl> * 
\ geographic basis But I do think it is wrong tu ignore the needs of the students 
around the country at the placei> \vhere the> are being educated What I am looking 
for is igeugiaphic distribution of acaderfiic .excellence rather than geographic distri 
bution of funding. 

I Submit that it ipa> even be true tha* ^rel»tdvely..mmor cutbaclf in the funding 
fur those schools that are getting major funding now coXild ha^e a *alutor> effect. 
^ That would be consistent with the views that Dr Keyworth has eJ^pressedL But, I 
believe thai vvrthdrawals the small amount that the nunelitist colleges and universi- 

• ties receive" wtiulii'^ve devastating effects on them and oa the quality of education 
that Such schools, offer. /- . % 

< I agree with Dr Carl Leopold who testified, yehterday that "The concentration of 
funding in the most prestigious laboratories can oeriously impede the development 
of younger staff and can interfere with the flow of student training in the smaller 
or ]ess notable universities.'* 

STATEMENT OF DR. WALTER L. SMITH^I^JKESIPENT, FLORIDA AG- 
RICULTURAL AND MECHA>fICAL UNI\^ERSITY, TALLAHASSEE, 
FLORIDA V ^ 

Dr. Smith. Mr. Chairman, members of the Committee on Science 
and Technology, thank you for the opportunity to appear before 
you here today. , . . ^ 

The discussion of U.S. science and tfeChnology under budget 

♦ stress offers a unique opportunity for me to sha^re with you some of 
my observations on this subject. ^ • » - 

Further, it provides for meaningful dialog to be established be- 
tween this committee and institutions of higher learning where a 
great deal of- the Government's research and development take 
place. " , 

I note with interest the several comments of previous testimonies 
on the subject and am not surprised that the various agency heads, 
particularly, representatives of the currefit national administration 
e^spouse* a stronger involvement of business and indiTstry in the R. 
& D, effort.. Unfortunately, however, the proponents also advocate 
a simi^ltaneous withdrawal of substantial U.S. support from the sci* 
entific^j^nd technical effort. 
As is tru^ through9uVmdny testimonies on our nationaf scene, 
» defense spending appears to be the one area where R. & D. will not 
suffer. Certainly, no one argues against the developmnt of strong 
defensive and offensive weaponry systems. - \ 

However, other key areas p{ national interest must be main- 
tained at a healthy and viable level. 

The question is: ^ow greatly will these programs, at our institu- 
.tions, colleges, and universities across the, country be impaired' by 
.th^ projected cutbacks as proposed by the current adnriinijstration? 

The institution I represent is a smalls majority black, land-grant 
university wherj? major scientific research projects are ongoing in 
three of our*efignt schools and colleges. . 



n 



- . . 404 , , 

These eifforts are bupported with grants from^the National Aero- 
nautics and Space Administration, National Institutes of Health, 
National Cancer Center, Department of Education, the Office of 
Naval Research, the National Science Foundation and the Depart- 
meat'of Health and Human Services. 

Research programs developed and conducted by our school of 
pharmacy have been featured in a variety of national publications 
and the British Medic^alJournal. 

The research scientists are involved in a wide array of projects ^ 
which have regional,, national, and international implications. * 
Probably the most interesting and far-reaching,,|fft)rts are relevant 
to ai^^ travel, space flight, and health related tqpics in the field of 
pharmacology and toxicojogy. , > 

It is likely that the most recent research of note, reported^by our 
institution, appeared in the October 1981 edition of Research Re- 
sources Reporter from NIH. 

The discovery was the synthesis of a new s6j of anti-inflamma- 
tory steroids which, when given to laboratory animals have the 
same beneficial effects of steroids presently used, but without the 
resulting toxic side effects. 

Other research at Florida A. & M. University relative to steroid 
synthesis includes arthritis treatment and other inflammatory con- 
ditions. Nearly 3 percent of all Americans suffer from arthrifis. We 
are developing medications that could substantially reduce the* 
pain and suffering associated with such diseases. 
' A recent report indicated at least one commercial airline carried 
over 38 million passengers annually. In 1980 over 296 million per- 
sons traveled on commercial airlines with the United States. 
Hence, important ongoing research at FAMU is exploring methods 
of reducing fatal and near-fatal air mishaps. 

Our efforts in conjunction with NASA have been in the areas of 
circadiah Thythms, hypertension and stress. These programs have 
great implications for national and international efforts in space 
exploration and our developing programs for safety in air travel as, 
it relates to the work assignments of pilots and flight attendants 

In advQcating the need for such research in 1980, Congressmen 
Royef, McClosky, and Goldwater felt the need to have scientists 
study the^ effect th^t jet lag hjjs on the performance of airline 
pilots. * . . • 

Representative Royer stated that 

Pilots wUl not be the only beneficiaries of the NASA research, this work on fa- 
tigue i\nd circadian rhythms could be of significant benefit to truck drivers and 
workers assigned to the night shift, including doctors and nurses and nuclear power 
plant operators 

The interdisciplinary relationship between our behavioral and 
natural scientists deserves to be mentioned here. A critical biome- 
dical research program designed to research cognitive styles, sub- 
jective feelings, and autonomic responses to^ress events in the 
lives of college students is underway. 

The importance of such an interdisciplinary research approach is 
underscored by the fact that stress represents one of the most 
vaguely understood concepts in our Nation. Yet, it is one which 
may have devastating effects on the human body, for example. 



ulcer produgilvjii, c^ioJiar} hcait di&eaise, and a variety of neurotic 
5 behavior patterns. ^ ^ * s '^^ 
\ Stress is a condition |vhich adverse 1> affects one out of over> four 
black American^, Hence, the need for such research in ortier to en- 
. hance the quality of life for a signficant part of our American pop- 
ulation. . ^ - 
• In FAMU^s College of Science and Technology, 4i research and 
teac-hing facult> are invoJved in federally 'funded research and de- 
velopment activities. , " ^ . 

These investigators provide influential exposure' and 'inV&lualjle 
direct research experiences for hundreds of graduate and under- 
graduate minority students. ' ! 

Actual reductions in the relatively small ($800,000), research 
funding base would all but eliminate this very beneficial effect and 
more importantly, halt the progr^ess toward nationally useful re- 
search findings in the general areas of enzyme metabolism, anti- 
cancer agent identifiycation, estuarian food production, astronauti- 
cal bloocl conditions,* deutron induced nUclear reactions and com- 
puter applications in chemical physics. 
• The fact that a small historically' black institution makes such 
efficient use qf Federal research and .development dollars should be 
duly noted In addition, an important natiorfal resource, our youth, 
have advanced into the mainstream of research activities because 
o|,0ur efforts to involve them at an early. age. ' • 

" The cutbacks as presently projected would Hake approximately 
$350,000 to $375,000 from our meager budget over the ilext 4 y^ars. 

Delayed funding or discontinuance of viable research programs 
places a seV*§re*salary strain on the very meager amount of earned 
overhead dollars in our budgetr^ 

Reallocation of academic manpower to teaching or other research 
activities becomes impossible as the fiscal y^r and the academic 
year are not congruent. 

The development and delivery of technological instructional pro- 
grams can be virtually stymied by Federal policy changes that shift 
ijianpov^rer needs, deemphasizing energy conservation research, and 
environmental control efforto. 

Development of the very significant pool of scientific and techni- 
cal talent in our youth is an effort which deserves priority consid- 
eration for direct Federal support. 

Insufficient junior and senior high school preparation in math- 
«ematics and the sciences will lead to a serious and alarming de- 
Crease in future scientists. ' • ^ 

Priority programs must be designed to increase preparation in 
the sciences at the elementary and secondary school level? Minority 
youth offers an untapped source* of scientific expertise. 
' Specific training programs designed to concentrate minority 
youth on technical subje^cts have markedly increased comprehen- 
sion of those disciplines. 

The level of funding required for significant results is relatively 
low as compared to the potential discoveries and- cures made by the 
scientists derived from these programs. 

The scientific and technological problems that must be resolved 
in order to eradicate world hunger are also deserving of direct Fed- 
eral Support. The breadth of these problems exceed those efforts 
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normally made tu impiovje farm operations. They include research 
in food preservation and storage, basic and child nutrition, identifi- 
cation and production of qew food sources, and transportation 

The United States must take the leadership role in these re- 
search areas, the transfer of new technologies and the training of 
scientists' from defeloping countries are essential. ' ^ 

The need for quali^, high level research activities has been doc- 
umented by the advancements the* United St^ites has made in 
space, computer technology, dledicine, and numerous other areas 

As we begin the next century, it will be necessary for this coun- 
try to maintain this leadershif> role in science, and technology 
Through research at the colleges and universities across the coun- 
try scientific research and training has facilitated the advance- 
ment of knowledge and the improvement of life for the people of 
this Nation and the world. . ' 

Through various Federal programs, research at minority institu- 
tions in the areas of health care, science and technology has signiu- 
cantly increased. Even though research and training programs 
have expanded, the representation of minorities at the Ph. D level 
in the natural sciences is still less than 1 percent nationally. 

Research and training activities at Florida A. & M. University , 
and other minority institutions has enabled minority scientists to 
* ^ reach the mainstream^ of research activity and make significant 
\y ' contributions in various fields of epdeavor. . u 

Mr Chairman, in review of the literature bf\e will find that the 
NSF spent $17 to ^18 ^million to attract minorities and women to 
scientific and technical education last year. 

There must be a continuation of this effort in order to, improve 
this Nation s minority ihvolvement in the scientjific and technical 
fields. ■ , ^ , . V 

A great emphasis is being placed on the use of business and in- 
dustry as major boosters of our R. & D. efforts. This concept i$ 
wholesome. . . . ^ 

However, we Jnust remember that private enterprise works to 
produce a profit as 'quickly as possible a[jid to the fiirf^sfaction oi ^ 

stockholders. ' ' " . i. i ^ :u- 

Our*national ahd international interests must not be left to this 
'approach.' * • ^- ' . . , 

Government should maintain its present thrust in science and 
technology, including enhancement of ongoing quality program?, 
toward impoving the status of our Nation in the world marketplace 
for the improvement of health care, the solution of world hunger, 
the enhancement of space Exploration, the improvement of our na- 
tionaLdefense and the reestablishment of our Nation as the world 
leader in scientific and technological development. 

•Toward this^end we must not lose our greatest natural resource, 
our youth, l^^niust be oriented toward the hard sciences and 
mathematics, research and development, as y^eW as a sensitiVaty to 
national and international happenings and priorities. , 

Yesterday, February 3, 1982, the Washington Post, on its editon- 
' al page provided some interesting conimentary. The editor suggest- 
ed that our scientific pre-eminence is under strain. The editor fur- 
ther suggested that the problem is in our education system begin- 
. ning in our secondary schools curriculum in science and math. 
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Moreover, btate^ the editoi, basic research as a long-range invest- 
ment for the benefit of all societ> is properly and necessarily the 
..responsibility of the Federal Government. On this I concur. 
" America must not be awakened to the shock of another nation 
having surpassed our research and development accomplishment as 
*wa3 the case on October 1957. On that day none.,of us knew exactly 
what the launch of Sputnik I meant to the world of technologic^ 
development. / ' ^ i 

Our Government scrambled to establish new programs, many 
agencies, and pumped billions of dollars into a catch-up effort. 

Finally, Comdr. Alan SheparcJ rode a Mercury rocket into a sub- 
orbital flight froii> Cape Kennedy, hence the beginning of the 
United States real acceleration into the space race. 

Tbda/, the tace for space superiority is no longer the question. 
The real question is how can America maximally utilize its full 
human and financial resources to maintain its world status for the 
benefit 6f all its people thrdugh meaningful scientific and techno- 
logical advancements , 

I recently received from the Ames Research Center in Moffett 
Field, Calif, a letter from Dr. C. M. Winget, one of your research 
scientists at NASA ^yhich applauded the efforts and research df, 
Florida AV& M, University. I quote: 

The overall research pniducUvit> of the School of Pharmacy is certainly in the 
upper percentiles This, is especially impressive if one considers some 'of the other.- 
facfprs, such as mmimal lab assistance, excessive faculty wqrk load impinging on 
the research professor. ' 

This high level of productivity is possible because the faculty in general is young* 
and Mgorous There is good balance between the applied scientists and basic scien- 
tists. 

The morale is good and the faulty works very hard. The students and faculty 
alike rt*spect the dean Flis effective leadership is certainly a significant factor in 
the school's performance. * 

Furthermore, the institution does use, to its maximuim advantage, the university 
setting, faculty and students participate in a broad spectrum of research studies. 
Local health care facilities for the mentallyall person and geriatric are also utilized 
for research as well as teaching by the School of Pharmacy. 

It goes on to state that the greatest ne^d for Florida A. & M. 
University is strengthening of its research facilitjes. ' 

In summary, Mr Chairman, any cutbacks in our scientific and 
technical^ areas which negatiyelj^ impact our efforts in quality fe- . 
se^irch at the college^- and universities Qf oilr Nation, or w,hi^^:»^,. 
impede our efforts to introduce minorities and oUxer youth to re-, 
search and developmejit efforts will certainly assun^the Nation of^ - 
an uncertam and undomfortable future in the ongoing battle for 
world pre-eminence in scienfific research and development'. 

I welcom.e questions and appreciate the oppojftunity to address 
your committee. Thank you. - . ^^r 

[The prepared statement of Dr. Smith follows:]^^^^ 

Prepared Statement of Dr. Smit^T 

*Mr Chairman, members of the Committee on Science and Technology, thank >ou 
for the opportunity to appear before you today. 

The discussion of U S. Science and Technology undei* budget stress offers a unique 
opportunity for me to share with you some of my observations on this subject. Fur- 
ther, it provides for meaningful dialogue to be established between this committee 
and institutions of higher learning where a great deal of the government's research 
and development take place. 
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I note with interest the several comments of previous testimonies on the subject 
and am not surprised that the variuus/agenc> heads, particularly representatives of 
the current national adnumstration espouse a stronger involve.ment of business and 
industry in the R & D effort. Unfortunately, however, the proponents also advocate 
" a simultaneous withdrawal of substantial U S, support* from^the scientific and tech- 
nical effort. , . - 
As li true throughout many testimonies on our national scene, defense spending 
-«^-<^^ appears to be the one area where R & D will not suffer Certainly, np one argUes 
* against the development uf strpng defensive and offensiye weaponry systems How " * 
ever, other key areas of national ^interest must he m^!ntained at a healthy and 
viable level. ' 

The question is. how greatly will these programs at our institutions, colleges and 
universities across the country be impaired by the projected cutbacks as proposed by 
the current administration? The' institution I represent is a small, majority black, 
land-grant university where major scientific research projects are on-going in three 
of our eight schools and colleges.* These efforts are supported with grants from the 
National Aeronautics and Space Administration, National Institutes of.Health, Na- 
tional Cancer Center, Department bf Education, the Office of Naval Research, the 
National Science Foundation and tjie Department of Health and Human Services 
Research progra>RS developed arjtf conducted by our School of Pharmacy have 
been featured m a va^ety of national publications and the British Medical Journal 
Thtj research scientist? are involved in a wide array of projects which have regional, 
national and international implications. Probably the most interesting and far 
reaching effurU are relev^ant \fi air ti^avel, space flight and health related topics in 
the field of pharmacology' and toxicology. It is likely that the most recent research 
of note, reporter! by our institution, .appeared in the October 1981 edition of Re- 
search Resources Reporter, from NI$. The discovery was the synthesis of a new set 
of anti-inflanimatory steroids which, when given to laboratory animals have the 
same ^neficial effects of steroids presently used, but without the resulting toxic 
side ieffects t ' 

Other research at f'lorida A&M University relativfe to steroid synthesis includes 
arthritis treatment and oth^r inflammatory conditions. Nearly 3 percent of all 
Americans suffer from arthritis. We are developing medications that cduld substan- 
tially reduce the pain and suffering associated with such diseases. 

A recent report indicated at least one commercial ^irline carried over 38 million 
passengers annually. Therefore, on-going research of ours is exploring methods of 
reducing fatal and near-fatal air mishaps. , ^ 

Our efforts in conjunction wi'th NASA liave been in the areas of cifcadian 
rhy-thms. hypertension and stress. These programs ha<« gfeat implicatiorYs for Ra- 
tional and international efforts in space exploration and our developing programs 
for safety in air travel as it relates to the work assignments of pilots and flight at- 
^ tend ants. In advocating the need for such research in 1980, Congressmen Royer. 
McClosky and Goldwater felt the need to have scientists study* the effect that jet lag 
has on the performance of airline pilots. Representative Royer stated that ''pilots 
will not be the only beneficiaries of the NASA research, this work on fatigue and 
circajdian rhythms could be of significant benefit to truck drivers and workers as- 
signed to the night shift, including doctors and nurses and nuclear power plant op- 
eratdrs." . , ^ > • 

In FAMU s College of Science and Technology, forty-three (43) research and teach- 
^ mg faculty are invojved 1S\ federally funded researc^ and development activities 
These investigators provide influential exposure and mvaluable direct research ex- 
^^ periences for hu^orfreds of graduate and undergraduate minority students Actual re- 
ductions in.the relatively small l$8Q0,OOOJ research funEing basfe wo.uld all but elimi- 
nate this very beneficial effect an^ more inVportantly^'halt the.progress toward na- 
tionally useful research findings in the general afeds of enzyme metabolism, anti- 
cancer agent identification, estuarian food production, astronautical blooU condi- 
tions, deutron induced nuclear reactions and computer applications in chemical 
physics. The fact that a small historically black institution ipakes such efficient use 
of federal research and development dollars should be duly rioted In addition, an 
important national resource, our youth, have advanced into the tnainstreani of re- 
search activities. 

Delayed funding or discontinuance of viable research programs places^ severe 
salary strain on the very meager amount of earned overhead dollars in our budget. 
Reallocation of academic manpower to teaching or other research agtivities becomes 
. impossible as the fiscal ^ear and the academic year are not congruent ,Thfe develof^ 
ment and delivery of technological instructional programs can be virtualiy stymied 

erIc Mr^ >. 
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b> federal fK>lu> vhaunt'** that shift niari power needb» de-emphabizing energy conser- 
vation research and envirorfn\|:'[ital control efforts. ' 

De\elopnient uf tht verv bignificant pool of scientific and techn|<,al talent in Our 
>outh IS an efTort \\hich deserves priority consideration for direct' federal support 
Insufficient junior and senior high school preparation in mathematics and the sci- 
t-nvCfe VfiU lead to a serious and alarming decrease In future scientists. Priority pro- 
granns must be designed to increase 4)reparation in the sciences at the elementary 
^nd secundar) school levfcL Minorit> >outh offers an untapped source of scientific 
expertise Specific training programs designed to' concentrate minority youth on, 
technical subjects have markedly increased comprehension of those disciplines. The 
level of funding required Jor significant results is relatively low as compared to the 
potential discownei. and cures made b) the scientists derived from these *program^. 

The scientific and technological problems that must be resolved in order to eradi- 
catejjorldhungei are also deserving of direct federal support. The breadth of these 
probleh^s^xceed those efforts normall> made to improve /arm operations. They in- 
clude research in food preservation and storage, basic and child nutrition, identifica- 
tion and production of new food sources and transportation. The U.S. must take the 
leadership role in these research areas, the transfer of new technologies and the 
training of scientists from developing countries are essential. , 

The need for qaalit>, high levej research activities has been documented by the 
advancements the U S has made in space^ computer technology, medicine, and nu- 
meroOs other areas As we begin the next century, it will .be necessary for this coun- 
try to maintain this leadership role in science and technology Through research at 
the colleges and universities across the country, scientific research and training has 
facilitated the advancement of knowledge and the improvement of life for Ihe 
people of this nation and the world. 

Through vanoub federal programs, research at minority institutions in the areas 
of health care, science and technology has significantly increase. EvenHnougb re- 
search and training programs haVe expanded, the^ representation of minorities at 
the Ph.D level in the natural sciences is still less than one percent natioaaliy, Re- 
search and training activities at Florida A&M University and other minority insti- 
tutions has enabled minorit> scientists to reach the malnbtream of research activity 
and make significant contributions in various fields of endeavor. 

Mr Chairman, in review of ^the literature one will find that the NSF^ spent $17 to 
SIS million dollars to attract minorities and women to scientific and technical edu- 
cation last ^ear There must be a continuation of this effort in ordef to improve this 
nation's minority involvement in the scientific and technical fields. 
^ A great emphasis is being placed on the use of business and industry as major 
boosters of our R&D efforts. This concept is wholesome. However, we must remem- 
ber that private enterprise works to produce a profit as quickly as possible and to 
the satisfaction of stockholders Our national and international interests must not 
be left to this approach Government should maintain its present thrust in science 
and technology, incliidirig enhancement of on-going quality programs, toward im- 
proving "^ht^stat us of >5ir nation in the world marketplace for the improvement of 
health care, the sol utioh' of world hunger, the enhanceivent of space exploration, 
the improvement of our national defense and the i^establishment of our nation as 
the world leader in scientific and technological development. 

Toward this end we must not lose our greatest natural resource, our youth. They 
must be oriti)ted toward the hard sciences and mathematics, research and develop- 
ment as well as a sen^itivit> to national an(J international happenings and prior- 
ities 

.America must not be awakened to the shock of another nation having surpassed 
our research and development accomplishment as was the case in October 1957. On 
thati da> none of us knew exactly what t^ieJaunCh of Sputnik I meant to the world 
of "technological development Our government scrambled to establish new pro- 
■grams. nian> agencies and pumped billions of dollars into a catch up effort. Fiaally, 
Commander AlAn Shepard rode a Mercury rocket mto a sub-orbital flight from Cape 
Kenned>, hence ^the beginning of the U.S.' real .acceleration into the space race. 
Toda>, the j^ace for space superiority is no longer the question. The real question is 
howA:an Amerij:a maximall> utilue its fu(l human and financial resources to main- 
tain Its world status for the benefit of all its people through meaningful scientific 
and technological advancement, * 

Mr. FtfQUA. Thank you very much, doctor,- for a very excellent 
statement. I am going td hav^ to ^sk Congressman Flippo to take 
over the committee. We have a matter that affects our committee 




very seriously before another committee. That is ourljudget for the 
coming year. ' . . tl 

I am sure college presidents don't understand that but it has 
reached the point of a high priority at this moment and Mr. Winn 
^d I must excuse ourselves and go present our budget before the 
Hoiise Administration Committee. > 

I want to thank all of our witnesses, those that have testified and 
those that have yet to testify. I hope we can get back b'efore the 
questions conclude. ' ' . * 

Mr. Fuppo [presiding]. Thank you. 

I believe our next witness is Dr. Peter Magrath from the great 
State of Minnesota. 

* Mr. Weber. If I can extend a greeting. I am probably going to 
have to leave before the questioning begins but I would like to wel- 
come Dr. Magrath, too, particularly given the financial problems 
Minnesota is facing, I assume that you arrived here by Greyhound 
rather than airplane? » , 

Dr. Magrath. Dogsled. 

Mr. Weber. Well, at least we had plenty of snow to get yOu here. 

Since I won'Ube here* for the questioning I want to commend you 
for your handhng of the University. I realize all of education is 
under great, great stress. Certainly Minnesota has to be under a 
great stress as anybody in the last couple of years and I look for- 
ward l6 your testimony. And I want to thank you in advance for 
the. job yon are doing there and I hope we don't complicate your 
life too much in the next 2 months. ' 

Mr. Fuppo. Please feel free to summarize and we will include the 
entire statement in the record, ^' 

STATEMENT OF DR C. PETER MAGRATH, PRESIDENT, 
UNIVERSITY OF MINNESOTA, MINNEPOLIS, MINNESOTA A 

Mr. Magrath. Thank you very much, Mr. Chairman. 
I do appreciate very much Congressman 'Weber's comment and 
greeting and 1 want to tell him that I personally, and the universi- 
ty appreciate the support he gives the 'University of Minn6sota. 
And the^iueport we consistently receive from our congressional- 
delegat>dnis important and it means a great deal to our State and 



Mr. Chairman, members of the committee, my nsftne is Peter Ma- 
grath. 1 am privileged to serve as president of the University of 
Minnesota and I am now in my eighth year there, arriving at a 
time when we were recovering from the turmoil of the Vietnam 

era. ^ , ' , 

I am pleased to testify at this hiring and I sincerely commend 
the committee for the attention it is giving to those important 
issues that you have been studying during this week and that you 
have in the very recent past. Because, at no time in my memory, 
including the national trauma of Sj^utniK, has there been a greater 
need for reasoned discussion of the state of American science. 

It is tempting to wish that we could get the public ai^d our media 
to give the same kind of attention to a state of the science address 
as is given to the state of the Union address, but apparently that is 
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not possible. But I fear that is such a message were given it would 
not be an upbeat message. 

Now, this may seem peculiar to say at a time when some very 
extraordinarily good television programs and increasingly sophisti- 
cated publications on the wonders of science and technology^ have 
been prepared for the general public. But the fact is that these 
presentations are heralding research and development that is sev- 
eral years old. 

We are bragging about our past in science and technology while 
our present and particularly our future is in serious doubt. 

We are now beginning, then, in part to this committee, certainly 
to se^ some public discussion of our research investments in com- 
parison with Germany, Japan, and the Soviet Union. ^ 

But I think it is fair to say that the warliings have not iUnk in 
yet and it is up to political and educational leaders to make' and 
justify some crucial investment decisions. ^ - 

Late last summer I had the opportunity* to see -Jfrsthand what 
can happen when a nation's investmen;t in scientific minds and re- 
search efforts are subverted. My university ha^developed, as have 
a few other American universities, some quite substantial educa- 
tional exchange activities with institutions in tlte People's Republic 
of China. And I visited the PRC last summer. * 

Prior to that trip I had, of course, heard about the effects of the I 
so-called cultural revolution on science,, education and the arts. But 
I assure you in the words of the popular expression, 5^ou have to 
have been there. That culture in China which was once preeminent 
in terms of science when our own Western culture had no sci^ce, 
they virtually destroyed, in China> a full generation of education 
and science. ' 

Now, *to be sure, according to their political valu<?s at the tinie, 
the PRC accomplished some surprising social changes in the past 
few decades. Their science, h5wever, became a disaster area, and 
for years they failed even to keep up with other scientific activities 
around the. world. 

Now, they finally began to^ recognize the mistakes that^has been 
made, though. That is the key point. My fear is that in our country 
our national and State budget problems and all the political flak, 
frankly,, that you and others in leadership po&itions have to take 
because of thi^ could lead our country, America, into'' a quieter 
form of cultural revolution where scholars, and scientists get the 
short end because they speak with quiet voices. 
* The university that I serve is one of the largest in the country 
with 36,000 students in day classes and many more in extension 
programs. 

Minnesota is probably about as comprehensive a university as 
>ou can find an>\\here in/ffie world and we are consistently within 
the top 10 universities in Federal funding. ; 

We albo raise more private mone> than any public univei^it> in 
the United States. And I can*t sit here this moment in early Febru- 
af> and tell you specific horror stories about the effects of Federal 
budgt^ cuts, at least not in total numbers. Of course, we have had 
an> number of specific programs that have been cut back and I 
^Jhart. prufuundl>, the concerns that President Blousteln expressed- 
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about graduate education and student aid supportc^ I think does 
the entire education community. . -, u / 

. In total dollars, at my university we have ^on^tmued to ha^e 
modest increases that almost, but not quite, ke^p up with inflation. 
' My problem is that I have learned to become paranoid abouMne 
Federal budget for academic science. I remember a bumper-bicker, 
by the way, that I once said if you are not paranoid, y6u are crazy. ' 

I think that some paranoia is justified because there is somfe ex- 
traordinarily disturbing evidence. 

The 1982 budget, I think we must recognize, turned out to be rel- 
atively protective of many Federal research programs but I am not 
very hopeful about some of the proposals that are out on the table 
and that^re coining forth in fiscal 19§3. 

My guess is that everyone in this room today knows most of the 
serious problems that are facing American universities. We are 
having major problems attracting-.ani-retaining. the best young 
minds in many fields. 
•We are facing substantial shortages of engineering graduates in 
most fields. Our facilities and equipment, I assure you, are becom- 
ing obsolete and second rate and wearing out at an alarming rate. 

We know that basic research is fundamental to applied research 
and to advanced training and we know that these effects have 
enormous payoffs. ^ ^ ' . , u j i. 

But we also know that the Federal Government has a budget 

problem, f , i ' ui u 

The most frustrating poiqjt is the fact that the budget probl^em by 
^ itself virtually overrules all the rest of what we know. 

With the exception of the defense budget and this is true across 
the entire spectrum of the Federal budget, we are not ^ven much 
chance to debate the merits. The bottom line rules regardless. 

Few people really^wish to argue the benefits of research. That 
has been my observation and I suspect yours. The budget con- 
straints, though, are accepted as indisputable and much^of the 
debate turns then to possiblities of other sources of funds, primar- 
ily industrial and yet to be defined shifts of State responsibilities. 

I mentioned earlier, Minnesota already receives good support 
ifrom the private sector, both, natipnally and within our own State 
of Minnesota, in that regard particularly *om our high technology 

companies. - " / ^ , Oi. ^ r 

But in terms of increased State support, at least m my btate ot 
Minnesota, and I believe this ^applies, if not to all States in the 
^.Union, to many .of^them, to most of them, ce^-tainly Ne^ Jersey,^ 
cetrtainly Califoirnid, certainly Wisconsin. ' . 

In terms of increai^d State support for* academic support, dont 
count on it. It is not going to happen. It is not going to happen in 

f Minnesota. i ' n i. 

I have confronted b^udget reductions for every one of the last ^ to 
3 ^ears and right now I am dealing with absolute base, not funny 
money, not projected increases, I am talking about base reductions: 
of over $34 million in the next 17 months. 

. I have been through budget cuts and I know it is supposed to be 
good for the academic soul and my soul is in beautiful shape right 
« now, I can tell you that. 
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We are lean and we are di&mantling programs and services that 
my State is going to regret losing after it is too late. 

Now, that is happening in an extremely progressive and forward- 
thinking State where support for research is not a partisan issue. 
It is a general civiq commitment, a. State that has traditionaly sup- 
ported research. r 

In the health sciences our legislators have been/proud of Minne- 
sota's leadership role and the> have taken actions to sustain and 
develop that leadership. ' 

Most recently we have made some quite speculative investments 
in energy research, some of the most exciting research into alterna- 
tive energy Sources and tlf§ emergence. of the University of Minne- 
sota in the field of Earth sheltered and underground space utiliza- 
tion. But the State of Minnesota cannot do muclTmore. 

One important point that is often overlooked in. discussions of 
who can ana should pay for research investments is the absolute 
need to avoid the fragmentation of the research enterprise. 
. Our country has had and has to maintain a broad nlultidisciplin- 
ary research program. There has to be much involvement by many 
kinds of universities as we have heard this morning. But there has 
to be also maximum communication and cooperation among all of 
the re'searchers. r 

If you shift research sponsorship from the Federal Government 
to the private sector and the State governmeirts, it is almost inevi- 
tably going to lead to an overemphasis on immediate applied re- 
search, research that has immediate economic developm^t impli- 
cations and you are very likely to have less communication among 
the Nation's researchers. 

The Federal Government has a national responsibility and has 
developed a proper role that minimizes these, problems and I 
strongly believe this must be maintained. , - 

Even at the Federal level, however, we haye^een an increasing 
tendency to support the quick and dramatic technological fix, the 
quick technological project. Research in social sciences, the behav- 
ioral sciences and the humanities has been taking it on the chin 
lately. ' • > 

I know that these are the areas where you,, and I assurr'you I, 
too, for my responsibility, get the flak from constituents who 
wonder why in the world are their tax dollars, whether it is iti the 
State of Minnesota ±ax dollars oY Federal tax, dollars or, for that 
matter, private money, why are they being ^ent for projects that 
they think are .flaky?^ 

Well, I have a rejoinder? I would suggest that you consider it. 
Ask those critics and ask those constituents who raise legitimate 
questions to think of "major American problems that are mainly at- 
tributable to a lack of knowledge in hard science and technology. 
Now there are some. I would suggst perhaps environmental pollu- 
tioi\, energy sources and to some extent productivity. 

Then list some of the other probletfis that we have all been 
trying to grapple with lately and see what kinds of knowledge we 
have really been lacking.Vlow, we have invested bttlions of dollars 
in the problems of urban America. 
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The principal problem is that we'have virtually no knowledge 
base. We do not know and we have not knawn much more than gut 
l^vel, subjective' impressions of the problems and the solutions 

Not long ago. we got ourselves involved in ^ disastrous war in 
Sout^ieast Asia and it certainly was not a lack of hard science that 
kept us or got us into that mess. Our ignorance in the social sci- 
ence ^id. . ^ . ' u J • 

We are now watching huge investments in military hard science, 
and I am not necessarily opposed to that, 1 want you to under- 

At the same time we .are struggling to keep an alr^dy inad- 
equate budget for international education efforts that )\xst might 
eliminate or reduce the need for all of that hardware. 

We are trying, I think, and hope to restore the importance of the 
family, improve education and enhance the quality of life and yet 
we know precious little beyond the commonsense that happens to 
be^popular at the moment , it. 

We all talk about Japanese productivity and how wonderful that 
is but we have precious little hard information ^nd a popular psy- 
chology book becomes a bestseller on that subject. 

Finally, the entire Federal budget issue hangs on an economiQ 
theory and pot^htial public responses.to'it. Even those mpst direct- 
lytidentified with it candidly admit that we know very little from 
economic or behavioral research and the characterization of it as a 
riverboat gamble has it suitimed up well. But we don't even know 
enough to understand- the odd6. " . 

Mr. Chairman, this country, as a nation,, needs research and it 
needs healthy research universities. We can afford it because we 
cannot afford not to have it. ' 

Legislative leaders have known this and have been willing, to 
stick their necks out when research spending obviously did not» 
' co^nmand the .public's attention and active support. 

Educators in my institution and across the country have become 
far more aggressive in communicating and responding to the 
values.of rese'arch to the general public. 

" 1 hope we can all continue these efforts because if it works out 
that* America loses its scientific strength, our constituents will be 
unforgiving and they will be right to be* so. 

We are- dealing with a fundamental^ national priority question 
here. We have had a science system that has paid of( and it worked 
and it must not be dismantled. It must be maintained. 
, Mr. Ch^man, members of the committee, thank you very much 
for listening to me. 

, " [The prepared statement of Dr. Magrath follows:] 



ERIC 



415 



Testimony of C. Peter Magrath, President of the Uhiversity of MinnesotA' 

to the 

« Ccxrmittee on Science and Technology 
U- $► House of Pepiiescntatives ' 

February 4, 1982 

Oiaiitnan Puqua, mentMers of the comnittee, my m«ne i^^Peter i^^^ath, 'aahd 
I an the President of the Ufiiversi ty of MimesotA. I am now in mj^eig^ith 
year at Mlraiesota, arriving «tt a time vdien we were recovering fx*cm the 
tmrnoil of the Vietnam era, and those are already looking like the good old 
days. 

1 was roost pleased to be invited to testify at this hearing,, and I 
comend vpu for holding this week*s series of hearings. KX no time in my 
memory, including the national trauna of Sputnik, has there been a greater 
need for reasoned discussion of tjie state of Anerican science. *It is 
tenpting to wish that wfe could get the public and media attention for a 
^State of Our Science" address as is given to the State of the Union 
address, but I fear that it would be far from an up-beat message. This imv 
sound strange at a time when ^^traordinari ly good television programs and 
increasingly ^wd^H -developed publications on the wonders of science and ^ 
teclviology have been produced for the general p^lic, but the bljmt fact is 
that these presentations are heralding research and development that is 
several years old. We are bragging about our past in stience ahd 
technology, while our present and futjfre is in serious doubt. We are just 
beginning to see public discuss iort^^mr research investments in cctrparison 
with GertKflxy, ^apan, and the Soviet LYiion, but I think it is faiV to say 



that the warnings have not yet sunk in, and it ik \xp to ^liticAl and 
educational 'leaders to make and justify scma crucial investment decisions. 
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Ust'SumBr I had tWfe opportunity to see firsthartd wixat can happen when 
a natlon'^s investments in scientific minds and research efforts are 

subverted. The University of Minnesota has develop^ very isubstantial 

I 

ijducational exchange ,activi ties with institutions in the P^plc^fs Republic 
of China* and I visited the PRC fast, sutmer* Prior tovthat trip. I had 
heard, of course, tbout the effects of the Oiltural Revolution ,on science, 
education, and the arts, bat I assOre you, in the words of the;popular 
expression, "you have to have been there." That culture, c«ce pre^^emipent in 
science when Western culture had no science, virtually destroyed t full 
generation of education aixi science, ib be sure, according to their values 
at the time, the VfC acccnp\ished a rrurrber of surprising social changes over 
the last few decades. Their science, however. Was a disaster area, and for^ 
years they failed even to keep i?>.with other scientijCia'activities around 
the world* They finally recogni zed vjhat mistakes they had made, thou^, and 
that is the key point. My fear is that ou^ national and- state budget 
problen^ — and-all the political flak you have to take because of them — 
could lead Anerica into a quieter foim of cultural revdlvtiwi where^ scholars 
and scientists get\the short end because they speak with quiet voices. 

The university' t serve 'is one of the largest in t)\e co\mtry, with 
56,0.00 students in day classes and many more in extension progrma. 
Minnesota is probably as corprehensive a university as yo^-'can find anywhere 
in the world, and we are consistently within the top tentoiveraitles in 
. federal funding. We also raise more private money than any public 
university in the United States. At this mmicnt', I cannot Jiit here and tell 
vou horror stories about the effecTts of federal budget eujt^rf — at l^ast j)Oi 



in the total nurbers? Of course w/e have had any miTt)ej <jf specific programs 
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cut back, but in total dol lars » we continue to have modest increases that 

/ 

almost — but not quite — ke6p up wi^th inflation, 

^Iv problen is that I have learned to become paranoid about ''the -federal 
budget for academic science, and there is growing evidence that we paranoids 
may be^rigjit at that. The \ 982 budget, 1 recognize fully, t^umed out to be 
relatively protective of many federal research prograns, but I ^ not at all 
sanguine about proposals caning forth for 83, 

% gu^s is that everyone in this rocro today knows raost of the serious 
problems facing our research universities: 

We are having major problems attracting and retaining the 
best young minds in many fields. 

— Wo are facing very substantial shortages of engineering 
graduates in most fields. 

— Our facilities an^ equipment arc becoming obsolete and 
wearing out at an alatmihg rate. 

— Ive know that basic research is fundiSncntal* to' applied 
research and advanced training, and \vc know that these 
efforts have enormous pay-offs, but we also know that the 
federal ^^rnnent has a budget problem. ' 

The most frustrating point is the fact that the budget problem, by itself,^ 
virtually overrules all the rest of what w© know. With the exception of the 
defense budget, this is true across the entire spectrun of the federal 

.budget. We are not given irudi chance to debate the merits ;^he bottom line 
Irules reprardless. Few wish to arpMe the benefits of research. The budget 

^opstraints arc accepted as indi?*putnblc, and nich of the debato has turned 
to the possibilities of other sources of funds, principallv industrial 
support and yet -to-be-defined shifts to st^te responsibilities. 
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As I inentioned earlier. Minnesota is already^ i:«ceiying gockl support 
item the private sector, and that .tiaStr^'en increasing, especially /rem the 
high techno loi^.^c?pcrp«nj^87* The tax incentives you approved last*year wi 11 
help, but -only modestly, and \ve badlv need further Incentives* that could be 
accqnplished with an amendnent to excpf>t corporate support of universitv 
research from the VoUing base used to calculate taS? credits. Research 
universities are rving to get that amencinent passed this year, and I urge 
you to give it your support. 

In terms df increased state support for^ academic support, please do not 

count on it. In' our part of the country, at least, that sirjiply won't 

happen. I am purrently confronted wi th budget reductions of over $34 

Rullipn in the next seventeen irbnths. We went thrOugii the budget cuts that 
i , ' 

are siupposed to be good for our academic souls several years ago. We are 

plenty lean right now. and we are now disniantling programs and servibes that 

otir .state is going to regret losing — (jftex* lt*s too late. 

And this is happeningkiti a state that Iniderstands research and has 

traditionally supported research. As you might assuro, stqite support Tof 

agricultural research has always been strong. LlKewise^ in the Health 

Sciences, legisl&tors have lon^ bemi proud of Minnesota's leadership role. 

and they have taken actions to develop and sustai;^ that leadership. Most 

recently, Minnesota legislators have^ be^awi lling to make seme rather 

speculative investments in energy-related^ rG|!earch. Hie result is seme 

mqst exciting researcl) into alternative energy sources and the emergence of 

the'UniversitV' of Minnesota as the world leader In the field of 

ear thr sheltered and underground space utilization, vCXir state, however, 



cannot do much more. 
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One inportant' point often disregarded* in discussions of wiio can or 
should pay for research investments is the absolute need to avoid the 
fragmentation pf the research- enterprise. This country has had and imst 
maintain a broad, malti -disciplinary research progritn, with maxinwn 
conninication and cooi>eration a^g^ng the researchers. Shifting research 
sponsorship frCin the federal government to the private sector and the state 
governments alnoost inevitably will lead to an over-enphasis on applied 
research with iomediate economic development, inpUcat ions and less ^ 
ccmninicatlon among the nation's researchers. The federal government has 
developed a proper role that minimizes these problems , and it must be 
maintained. 

Even at the federal level, havever, we have seen an increasing tendencv 
to support the qUick ?Jid>Mramatic technological projects. Research in the 
social sciences, the behavioral sciences » and the hunanities has been taking 
it on the chin lately. I know these are tl\e areaS where you get the flak 

- from constituents who wonder why in the worldi, their taxes are being spent 
for pfoiects thev see as flaky* I havo a re i cinder that 1 woujd sucgest for 
you- Ask those constituents to think of major ^nerican problems that are 
mainly attributable to a lack of knowledge in hard science and technology. 
There are some, primarily in the areas of environmental pollution, energy 
, sources, and. to some extent, productivity. Then- list some of the other 
. probleiw we have been grappling with lately, and see what kinds of knowledge 
we have really been lacking.. We have invested billions of dollars iiythe . * 
problems of urban ^rica. the principal problem is" that we have had 

x> virtuoUy no kroiv ledge b&se. We do not kno^v — and we hnve not known 

much more than gut -level Ihpression^ of the proh^eiTig .and the solutions. Wc 
got ourselves involved in a disastroljs war'ilri.^dtftheast Asia^ and it 
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certainly wtsr not a lack of hard science, that kept us iA^that tness. Oir 
f^ortnce in the social sciences did. \Vie are now watching huge investments 
in military hard science, and at the same time, we are struggling to keep an 
4 already inadequate budget for international education efforts that just 
migjht elininate or reduije the need for all that hardware. 

We aife trying tcTrestore the irrportar^qe of the family, irtprove 
education, and enhance the quality of life, arid we knew precious li^ttle 
beyond the cannon sense that happens to be popular at .the moment. Vte envy 
Japanese productivity, but we seem to have precious little hard infomation, 
»and a popular psychojogy book l>ecomes a best-seller. Finally, the entire 
federal budget issue* hangs on an econcxnio^ theory and potential public 
^ responsea <o it. Even those most ^irectly identifi^ with it adnit that we 
kxjow very little from economic or behayioral research, and the 
characterization of it as^a "riverboat ganble" has sixmed it up well. We 
don' t* even know enough to understand the odds. ^ , » . ♦ 

^t^, Chairman, this country -r as a nation needs research, and it 
needs healthy research universities. We can afford it, because we cannot 
afford not to have it. Legislative leaders have knavh tiiis and have been 
willing to stick their necks out when research spending obviously did not 
cannend the public's attention and active sv^Jpo'rt. Educators in niy 
instillation anjl Across the country have become far more s^ggreastjive in 
comnmicating -the value of res^r<ih to th^ general public. 1 hope we can 
all jcontinue'thesfe efforts, l>ecause if it works out tkat America' J oses its 
scientific strength, our constituents^ wi 11 be unforgivih^, and they will be 
right. ^ 
, , Thank you in for listeAing. ^ * 
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Mr Fuppo, Thank you vary much fur a very thoughtful and out- 
standing statement, Doctor. ' :a ' ' . * 
^ Our last witness today is Dr. Norman Hackerman, president of 
Rice University. We are very pleased to have you with us. Please 
# feel free to summarize and we will proceed. 

Dr Magrath, I ^houghtlhat was an interesting statement on the 
paranoid.- Someone else said that just because yoa are paranoid 
does not mean they are not out to get you.- ^ 
Please go ahead. ' ^ 

STATEMENT OF DR. NORMAN C. HACKERMAN, PRESIDED* 
RICE UNIVERSITY, HOUSTON, TEXAS AND FORMER CHAIR- 
MAN. NATIOJ^IAL SCIENCE BOARD , 

Dr Hackerman. Mr. Chairman, members of ihe committee: 
I am pleased to be here. I want yo^ to know that I represent no ^ 
one but myself and my experience. 

I may well come in conflict \Vith my colleagues in what I have to 
sAy but 1 won*t be surprised if I come out with the same conclu- 
sions. 

I do not agree, for example, with what President Magrath said 
about the strength of science at the present time but I will develop 
that shortly. 

' I read Dr Keywor.th's testimony and quite a lot of the other tes- 
timony that has been given before this committee ^nd I have read 
Dr Bloustein's and I have heard these others and I see the classi- 
cal problem of the purity of policy and the pragmatic pull of de- 
mands and needs. 

Indeed, I should like to try to develop a way in which one can 
regard science and .research perhaps a little differently than it has^ 
been regarded so far In view of the fact that this Committee's title' 
is Scier)ce and Technology. I am quite certain that th^ is the case. 

Science is a vital first step to technology and technology is obvi- 
ously the step to use. It may surprise you to learn that not every- 
body believes that, that not everybody believes that science is a 
vital first step, not even ameng scientists and engineers. But I • 
would say that if one took a poll it would' be overwhelmingly 'ac- 
cepted that science is a vitaL first 'step. \ 

Furthermore, science is a universal phenomenon. It does not 
belong to J any nation. It is timeless, hence, what we don't, know 
today doeA not perish. Gn the other hand, scientists and engmeers 
are national and are timely and do not persist. 

These two things are very important to what I have to say but 
first I want to tell * ou that science is ^ry active at the m^ent 
time and in my opinion has never been better than it is riglft now 
on February 4, 1982. That is the point of conflict I have with my 
distinguished colleague. 

The fact js that we are now moi;e productive and more thought- 
ful and more understanding of nature than"Ve have ever been. If 
one looks at the research output in the journals you will find that 
it is burgeoning. 

There are more people contributing. They are contributing, with 
more incisive instrumentation than they have ever had, In fact, 
you can see further into nature than we have ever seen. You can 
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so far into nature now that what started diverging following 
Newtoa has now begup converging again Science is converging. 

The capacity, to do multidisciplinary thinking, as the buzz word 
goes, in matters "of nature has improved tremendously in the last 
20 years .We could not even approach the carbon dioxide problem 
years ago. We could not approach, the questions of oceans, the bot- 
toms of the oceans, the way the fectonic plates move the nature ot 
molecules, the accumulation of atoms for various short periods ot 
time. We could not do that..Now we cah- • . . . 

So the reduction -in innovation and productivity i? really not a 
function of the low state of Scien^ie. In this case I agree very whole- 
heartedly with President Magrath. It is a function of something 

other than that. . . ' , , . u a u 

Now that would say, if science is in- such good shape why don t 
we forget about it? Why don't we jUst let it rock along wlnle we 
solve some other problems? r ^ r 

I think the importanttJjing is the continuity of the stream ot sci- 
entists and engineers which is one of the highly valued outputs oi 
our system of support of ^science in this country. 

If indeed, science is timeless or we could get it from some other 
source, then I guess it might be hard to argue against the reduction 
and its support. But it is the national value of the scientists and 
engineers that is important. , ■, , . j • f a 

-And in our system, we produce ^both science and scientists and 
engineers simultaneously. And that, I think, is the thing that 
should not be allowed to disintegrate. 

Now I have separated science and technology and 1 think in an- 
other forum could make a very strong case for that. I would now 
like to ask you to separate research and^evelopment. ^, ^ 

We have the general habit of systematizing on the basis that the 
more things you include iri the package, the better you understand 
'the system, the bigger the model the better. . „ , 

I would like to tell you that research dollars, historically, have 
■ never been simple functions of research and development dollars. 
R&D. can go up or down and R. can go down or up at the same 
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■ I urge this committee, if they accept the importance of science 
per se; to consider the value of looking at research dollars rather 
than R. & D. dollars. ,i mu- • f 

• This is not to denigrate development, not at all. 1 his is to say 
that while there is coupling, the coupling between' the two is iruid, 
not direct. And in' order to get development for technology in the 
future, we require broad support of science in the present, broad, 
'persistent support' of science. 

Peripatetic, oscillatory support iS really of little value. It is not a 
matter of the expectation of the^cientist or anything else 'like that. 
It IS a matter of the value of consistent consideration of the prob- 
. lems t<hat nature faces us with. I think you haye to recognize how 
successful our system has been. ■ - - ' „f fu„ 

. ■ There are those who would point, to the French system ot the 
CNRS laboratories or the So.viet systein of the laboratories oi the 
academy and say that*i'h those two political systems it is easier to 
direct research than it is in our arrangement. I presume that is 
right. ' 
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But the point is you don't want to direct research. You want to 
direct development but not research. Research is something that is 
much more stochastic. It is an area in which one should follow, his 
or her nose. It is an area wh erg) you dorft simply say I don t under- 
stand that "but I'don^t have time to fiddle with it. The main re- 
(juirement is objectivity. ^ 
Jn. fact, the good scientific developments of the past have always 
- ' been serendipitous in part and they continue to be. So I repeat that 
the one thing this committee might do is to consider looking at re- 
search budgets rather than research and development budgets if it 
is interested seriously in the continued strength and viability of 
U.S. science. 

Now, I believe 'it is perfectly legitimate to use pooled money, tax 
money, for the support of science. This is so because it produces the 
' scientists and engineers which are, themselves, the strength that 
helped protect the health, helped provide the security, and helped 
• improve the economy of the country. 

That souncis^lmost political, and I suppose it is in a sense. But 
the fact is there are economists vAio believe that the country is 
very dependent on good technolo^ and I believe good technology is 
'dependent on science. 

Science cannot be done without scientists and engineers ^nd the 
scientists come out of the universities so it becomes important to 
make sure that Ihe universities do not become any more debilitat- 
' ' ed th an n ecessary. 

My friends here won't love me for this but we university presi- 
dents have, unfortunately, developed a habit of looking for other 
places to blame for our problems. For example, in instrumentation, 
library books or whatnot. In fact, we are the ones that are respon- 
sible. But perhaps that is for a different committee. 
_ 'At any rate, I would like to make the point to you that persistent 
support of science with its concomitant stream of scientists and en- 
gineers is what this committee ought to be concerned about in 
terms of one part of its title. 

There may be a critical lower limit below which the science 
system won't function. I really don*t know if that is true or not but 
if so it ought to be determined. It may be that you can stretch out 
and not do any permanent damage ^ut that, again, is something 
that is not inherent understanding. 

I believe that the economic experiment that is being tried now 
with such theory as it is based on, probably deserves to be tried. At ^ 
least the m^ority of the people in the country seem to want it. ' 
^ In that system, we, the scientists and educators, should be as pre- 
pared as anybody else, perhaps rnore so, to take whatever pnft)lems 
it gives us and, try to handle them. 

What I hav^igried to express to you is the fact that science 
should have a v&ry high priority in the scheme of things in the 
country and that if you see it the same- waiy then you will give it 
high priority. And if you give us high priority, and if Congress does 
the same then whatever we "get out of that process is what we have 
to be willing to majce good use of. 

I am perfectly willing to abide by the proposition that there is no 
future without a present. And, therefore, you have to try to solve 
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- the present jprubleinb. But you wouid find very few people, if any, 
who would be willing to abandon the future. 

Itna^ii^you are not willing to abandon the future, if you think 
there is some value in the future, then certainly science must have 
a very high priority. In all of this I have not talked about engineer- 
' • ^ ■ — other current 




iiic uiiij utuc> .i.iixa * x-'-r^ that once you 

have determined that priority and provided the support, you really 
. ought to Ifet it be with the scientist and engineer to determine the 
allocation of that support, lit this regard I am in agreement with 
President Magrath's statement on social science. In fact, 1 have a 
long statement on that point which I shall not use. In capsule the 
one . thing we are not ignorant in is how people behave and how or- 
gani^ous behave iand the offsprings of those; that is are econom- 
ics ailRpoHtical science. < 

^^Pfor some reason. Federal support of those areas seems to be, 
no^ly not'forthcpming but to induce rather aberrant behavior iri 
focusing on the kinds of problems that social sciences are supposed 
to encompass. n 

I simplv want to say again, the distribution, the allocation, really 
ought -to tM? mure fn the hands of those who do it and in the hands ^ 
of those who suppoj-t it, ' • 

' Thank you, Mr. Chairjnan. 

Mr. Flippo. Thank you very much for a very thought-provoking 
. statement. You made 3Qme outstanding, points. Thank you fo^ that 
If I might speak for ju^ a moment and I don't want you to. think 
that my statements represent the thinking of the committee neces- • 
sarily, I am speaking as one member of the committee and other 
members of the coipmittee can express thembelves as they see fit. 
But it seems to me that af this period df time, when we are facing 
b'udget cuts, that' it does^give the committee an opportunity to ex- 
amme the entire area of research and technology development in 
the country and to ask som*e questions about it. 

First of all, if we approach our budget difficulties from a point ot 
^view of across-the-board ^uls, are we saying that all Federal ex- 
penditures have^the^^ame vulue or are some Federal expenditures 
a part of the^problem and some a part of the sorution. Science fits 
into those categories and those are certainly some questions that 
need to be examined. * " i . 

, It struck me that as these hearings have taken place, that an 
aspect of these hearings is that, we have on the 'one side an admin- 
istration whose position is spelled out and whose spoJcesman is Dr. 
Keyworth. He l^s a positioti in'regard to this. 

It seems tli^it other academic institutions, you might say, estab- 
lished university communities, seem to have a different viewpoint 
The message that I hear Soniing; through from most of our wit- 
nesses is>that we need more money, not le,ss money. 

And the message that I hear coming from Dn Keyworth is that, 
well, what are our gpals, what have we been spending our Federal 
research dollar on? Is there research fbing on that could be elimi- 
nated without causing us severe difficulties? The committee hear- 
ings, I think, have provided a forum for that debate' and I thmk it 
has been pursued vigorously. / . - * 
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The questions that come to m> mind is this, is our present struc- ' 
ture for condutting research and research and development, tech- 
nolog>' and development, the ideal structure? Has it changed re- 
cently? D6 we anticipate changes in the furUire? How should.it 
cKange? When was the last time we had a national study on what 
our prioi^ities should be in science, since it said* that we can no 
longer accomplish all those things that we can think of to accom- 
plish'' Is there a precedence In {he past? Have there been national 
studies in the last 40 years that attempted to identify those prior- 
ities? 

When we talk about our present structure and should that be 
modified, from my point of view, this committee is obligated to^look 
at that and see ,what is going on. One of the things that I see is a 
' significant concentration of Federal funds in various institutions. 
As you have very adequately pointed out, should that be changed? 

You have made some very strong cases that the reason for doing 
research is to accomplish some social good and I assume that in- 
cludes economics I think you could look around the Nation and see 
that we have significant economic activity associated with the re- 
search and development efforts. 
.^^J think the committee legitimately should look at whether or not 
weN)ught to continue that method or is there some other method 
more appropriate. And in these changing times is it appropriate to 
look at matching funds as you addressed very eloquently, I 
thought. 

. If a State wants to develop in some particular area, would it be 
appropriate for us to look at, perhaps, some matching funds from 
States in development? I know in some of the prpgrams that we 
have had wherfe we were trying to establis|i' regional centers of ex-, 
cellence, the matching funds concept was utilized to some extend. 

Well, there are always more questions raised than we have an- 
swers to and your , perspective and your insight is extremely help- 
ful. . 

Would any.mehiber of the panel care to conynent on any aspect 
of those observations? 
Dr. Hackerman. Yes, I would. 
Mr. Fqppo. Feel fVee to do so. 

Dr. Hackerman. I think it is true that Dr. Keyworth s point was 
not so much that the budget had to be reduced but that was some 
bad science being supported. Not all th"^ science being supported- 
was good. That is not an improper statement.- 

I don't think there is any doubt that there 'is .poor activity in any 
field of endeavor. The problem is that he may have been talking 
about areas of science and that I think is wrong. 

If he is talking about individual projects of less quality, I would 
have no complaint with that. But fields ,of science are, I think, 
much more difficult to deal' with, 

I know that many people don't believe in the taxonomic ap- 
proach to biology. By the way, 1 am not a biologist, I am not a 
social scientist, I am a chemist. 

Taxonomy has u^^n in disfavor for a long time but it seems to be 
returning to some favor. People have new ways of looking at group- 
ings, nevy ideas have fallen out of these groupings and regroupings. 
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So I would say that it is 9 very legitimate point of view not to 
look in terms of bjadget reduction but are you supporting the right 
kinds of thmgs and I would counter that with J.ust the one pfoposi- 
tion I tried to make earlier. . i . . . 

It is not so. much the science we get as the scientists and engi- 
neers that are important because they are the ones who are gomg 
to translate for us. They are the ones who are going to convert sci- 
ence to technology and technology to use as well as confront our 
general ignorance of nature. - , 

Mr. FuiPPO. Thank you. Doctor, ptease go right ahead. 
. Df>MAGRATH. Thank you. 

I would like to comment, if I might, Mr. Flippo. 

You really raise, as you vety well appreciate, I am sure, que^ 
tions that could form the basis for 'a national study and we could 
spend endless hours addressing them because they are very s^gniti- 
cant ones. • 
• Let me try to mkke a few comments. 

I must say. Dr. Hackerman, we agree and disagree m part. I can 
document and I will document that our instrumentation at the 
University of Minnesota is in serious trSRble, so are our libraries. 

I can also document that to the best of my ability and this is a 
point that Dr. Bloust6in made too, I have tried to set priorities and 
make "Very tough internal judgments, as a number of us have. 
There is no point in crying and wailing. ' ' 

We h£ive to deal with reality and adjust to it and we are all, 1 
. think, appropriately charged with doing that. , 

I agree very much with Dr. Hackerman's comment that we need 
to think in terms of a separation of research and development. We 
use those two words almost as one and there are important issues 
that I think need to be addressed by this committee and by all ot 
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i have a couple of bfeic points beyond that that I would like to 
make. First, by far and by large, our United States has done pretty ^ 
well in science, particularly since \yorld War II. I hate to see a 
winning combination taken apart and I believe that the record 
^sKows that that is happening. . . i. a 

1 think we are pretty good right now in science but lam worried 
about theTuture and I am not speaking out of personal selt-inter- 
esl I am damn concerned, frankly, on what is likely to happen. 

The question that you raised, Mr. Congressman, aboat distj^ibu- 
tion of support and maintaining high levels of training and educa- 
tion in science throughout the United States. raises issues that are 
significant and practical. , r ^.i. i. i.- 

I think they were suggested to some extent in some ot the testi- 
mony that Frank Press gave. I think it is desirable to have it that 
way, After all, the national centers of excellence, 'some of the tini- 
versities, are in the business of educating and training people that 
serve American industry and all of our colleges and other develop- 
ing universities. / . . , j^'^ • 

On the other hand, it is perfectly legitimate and necessary in 
terms of regions and States to have regional centers that have 
their owriv missions to perform as the president of Florida A. & m. 
very foi'cefully indicated. * ^ • ' v ^ / 
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These things are not in conflict. The cpnfliot happens, of Course, 
if you start reducing dramaticall> the .amount of available support, 
which is bad for the Nation. ^ 

And the point that I would make is we have two levels of deci- 
sion to make One is the kinds of decisions thatJ^jCongre^ will rnake 
within the science and technology budgets. We also have the larger 
issue of the total Federal budget and how much goes to pure de- 
fense and other choices. 

I think there are choices to be made and I think the kinds of 
questions you are raising are the right ones. 

• Dr Bloust^in. Mr. Congressman, if I may address myself to 
sope of the questions you had. Many of the questions you raise we 
as university presidents address every day in the week, 

My colleagues sitting at the table, as I, are faced with some de- 
partments in our university that are exceedingly goody, some that 
are bad, some that' are marginal, and we have- to find a way to dis- 
tribute dollars. 

If any one of us gave alfthose dollars to the best department we 
would be killing off a lot of young talent and I think none of us 
want to do that. We now allocate funds to maintain our current 
strong departments and encou;-age the aggressive young faculty in 
the emerging departments. 

So, I think the point you raise is. an excellent one but a we al- 
ready have an answe'r which we apply on, a regular basis in our 
own allocation of internal funds. 

tliet me address myself a little bit to Dr. Keyworth's testimony 
before this committee, I think a great deal of what he said about 
the size and waste in the funding of science and research budgets 
may have been true 10 or 15 years ago. ^* - . 

But I don't think that is true anymore. We have gone through a 
period of decline in budgeting over the last 15-year period. It is not 
an overnight thing. It is not something that the Reagan adminis- 
tration is coming in and bringing to us, 

I agree with Dr. Hackerman. I don't think that Peter Magrath 
differs. We have the best scientific establishment today that the 
world knows. We have a much be^tter scientific establishment today 
than it was 10 year§ ago. It is extr^ordinarly better than it was 20 
years ago. , . 

My faculty is better than it has ever been It^is. doing better sci- 
ence than it has ever donp. ' * ■ 

My question to you is what is going to happen in 5 years? What 
is going to happen in 10 years with the deterioration that we have 
.?een and the trend lines we have seen? 

Dr. Keyworth's point, it seems to me, may be 10 years late. Teh 
years ago you could have said something the likes of which he said 
concerning our funding too much science. ^ 

As to his point concerning there being bad science, I go back to a. 
point that Dr Hackerman made. Monday mpj^ning quarterbacks 
can tell you what is bad and good science but you e'"an*t tell it very 
easily while you are playing the game, w 

Obviously, in some fields, again as Dr. Hackerman said, there 
are some able peopl^ and some people who are not able, but we 
don't ^have very good predictability about great science. 
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'if we did It would not'^be babic science and we would send it 
somewhere else. ^ 

We have to take certain risks and that is one of the reasons why 
the Federal Government support of basic research is so important 
The basic research ^American universities provide has a payout 
period over 15 to 20 years and American corporations cant be 
asked to undertake that risk/ , 

They are in the business of applied and developmental work. 
They are in technology. We are in basic science and that is why the 
Federal Government has the most appropriate role. 

Second, you asked about matching programs for States. The sci- 
entists in Dr. Hackerman s university and Dr. Smith s university 
and Dr. Magrath s university and my university are not scientists 
in New Jersey or in Texas or,in Florida or in Minnesota. 

They are scientists in the world of science They don't see State 
boundaries and they are not working along State lines. If I go to a 
senator or an assemblyman of my State for support of a research 
project, they will support some level of research but they will also 
recognize that their funding has as much application for Texas, 
and Florida as it does for New Jersey and, as such, deserves nation- 
al support. 

"Now, the State does support some applied research in agriculture 
and pharmacy and a lot of other fields which are also very vital to 
Us. However, in these areas, there is a direct and immediate appli- 
cation within, the State. 

Sp, to go back to your point, on whether it would it make sense 
to have a Federal and State matching program, I go to Dr. Hacker- 
man's very valuable distinction between science and, technology. 
You might create such a program in technology and applied sci- 
ence but in the basic sciences the States simply don't see their own 
immediate inter^gt in what the university prpvides in the basic sci- 
ences. • . ■ J'- 

This is a. Federal function that goes across State lines because 
the knowledge involved goes across State lines. 
. Dr. Hackerman. Mr. Flippo, may I just insert something here.^ 

Mr. Fuppo. Yes. * . . 

Dr. Hackerman. The fact is the States and private uriivepsities 
do match, they overmatch wha^the Federal Government puts in 
support. We pay the faculty's salaries. 

Mr. Fuppo. Dr. Smith. 

Dr. Smith. It occurs to me, Mr. Flippo, that several issues must 
"be dealt with as we look at how involved the Federal Government 
. get^ in the whole thing of research. 

. I would like to try my hand at research specifically because that 
is what impacts my institution and small institutions across this 
Nation such as Florida A. & M. University. t u i ■ - u 

As we look at national and international issues, I think it is then 
that we determine just how much the Federal Government is will- 
'ing to invest in our universities to help rfesolve some of these 
issues. 

We take the whole thing of space flight which we are deeply in- 
volved in with NASA. That certainly is a national and internation- 
al issue. 
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_ We cannot take the faculty members that we have today and 
expect them to go on fid infinitum to carry out higft quality re- 
search to aid.this Natiofi in resolving those problems. We have got 
to not only have those scientists but v/e must have some of our 
graduate studeate and future scientists even from the secondary 
school levelji^^'ol^d so that, hopefully, the interest will enhance 
their enti^ce into! this area. 

We lobk atSUhe^roblems of aging, There is great talk about what 
should be done/in gerontology. Pharmacy, psychology, and other 
social sdientistsr must get deeply involved and, again, 'the State is 
not going to be able to provide the kind of funding that is neces- 
sary to' carry out great magnitudes of research in those areas and, 
again, that is a national and international priority that I think the 
Federal Goyernment must take a look at. 

Architecture is another one that is very critical. As we look at 
problems of energy, again it is not j^st a State problem. It is a na- 
tional and international problem ahd I would just like to dp, 'if 
you will bear with me for a moment, something th^tkiiappened 
with us. Because qf the research that had been done in our school 
of architecture, the Federal Government came down to Florida and 
sent a team of our architects over to Somalia to aid in design and 
development of an entire city that would help to resolve some of 
the 'problems of good living for the people of Somalia. 

I suggest tha't as this country continues to reach its ientacles out 
to the Caribbean very close to us in the south and Africa nations 
where we have great problems of hunger and starvatipn as well as 
some of our European allie? who are having some difficulties, this 
Nation is going to have to look at the kind and quality of research 
that our colleges and universities can bring to bear oa the resolu- 
tion of these problems. 

So I think it is here that .y9U are going to have to delineate the 
impact thiat our researph wilfhave on the various 'scenes, whether 
it is local, State, national or international. 
V Mr* Flippo. Thank you very much, 
^i^r. Wolpe? 

M^^WoLPE. Thank you, Mr. Chairman. 

I would like to pursue the question for a moment of the implica- 
tions of increased reliance on corporate support for the'finajicing of 
basic research and development activity ^t the universities. 

I think there are two related questions. One is how accurate and 
how realistic^ are the projections that as the Federal Government's 
contribution to R. & D. declines, certainly the^ basic Vesearch de- 
^clines, that this will be picked up by the corporate private sector. 
And the related issue there, of feourse, is the extent to which the 
new tax credits that have been built into law will really make a 
real difference. I mean will it happen? * ^. ' * 

Second, if it does happen what do you feel about tbat as presi- 
dents of institutions. What are the implications of that additional 
corporate involvement for the kinds of research development and 
institutional auto homy of your own universities? 

Or. Magrath? 

Dr. Magrath. Mr. Wolpe, I would like to comment; if I might, 
sir. ^. X ; 
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I do not behuve that corporate involvement and contributions ad- 
dress the research investment side, and I don't thnk they will. 

I do believe that there are good and productive thmgs.that can 
be done between American corporations and liniversities and that 

are being done. . ± u ^ a 

There are risks and there are problems that have to be worked 
out, but there are ground rules and guidelines^ thaj: pan be devel- 

°^After all, our universities have manage^ to work out some rather 
sensitive relationships with the Fedei;al Government, wi^h the De- 
partment of Defense and so on and it has worked qujte well, gener- 
ally speaking. J 1 J i. j-i.- 

I think it has worked very well and we have developed traditions 
and usages. I think they can be applied in corporate industrial sec- 
tors as they relate to universities. On the tax: credit investment 1 
will make a summary comment. I think it is a good and a useful 
thing but it does not address the basic issue of sUppoi:t for research 
and, as presently .structured, the incentive is sufficienjt. 

That is my opinion. I don't know how my colleagfies would re- 
spond to that. , , , , ^ 

Dr. Hackerman. I would like to add to that. What the lax* 
Credit Act may do is to induce corporations to provide funds direct- 
ly to universities for support of directed rese^Ch, of activity which 
has a direct relationship to the companies own interests. 

It is perfectly proper. There is not a thing wrong with that at all 
but it may reduce the amount of money that the corporations and 
foundations will have. available to support research in the way they 
have done in the past. That is by simply giving to departments or 
to universities or to schools and saying do what you can with it 
The latter has not been in large amounts individually but has been 
enough to make a difference I think that will diminish. 

Mr. WoLPE. So, in other words, one of the potential implications 
would be a^ductipn^n funding for basic research and a^ iT>crease 
.in the ay({ouTh research. 

Dr./TlACKEiMAlN. Yes, but I may be considered biased because 1 
saidjAiat before the Tax Credit Act was passed. 

Dr. Bloustein. Mr. Wolpe, if I may, I think it, is slightly more 
complicated than that. I think some significant portion of the ap- 
plied research budgets, and development of many corporations will 
iniTease in respect to joint .ventures with universities. However, 
this is not going to solve our needs in the basic, research programs 
at our universities. . 

The tax credit bill, it seems to me, is going to have some signifi- 
cant impact. ^ ' ^ . ^ c 

We have an example now at Rutgers in the. development of a ce- 
ramics consortium. • ... 

Thirty-five corporations throughout the United States are joining 
together with us for a cooperative research program. In most in- 
stances, it is applied research. It is not the kind of pure research 
that we need the Federal Government to fund. ■ 
I thmk the strongest impact of the act will be to n^crease applied 
research at universities. 

Let me go back to two questions. What will the extent be/ Minor 
compared to the need. You are talking about very small dollars 
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compared to th% total need nationwide in universities basic re- 
search s.upport. 

Second, are there dangers? Yes. There may be too much applied 
reseafch and not enough basic research. There may be dangers 
that corporations will tend to take advantage of the relationship. 
But, we have learned to make our way in even more perilous seas 
in our relationship with various agencies of Government who also, 
over the years, have put us through the pressure of applied work. 
We have found a way to handle those pressures and I think we will 
handle tbese new business, approaches. 

Mr. WoLPE. Well, I would like to pursue, if I may, just one last 
question, Mr. Chairman, and ,that does relate to the defense piece. 

I have a little table here th^t appeared in the Chemical & Engl- 
neering News, January 11, 1982. It summarizes the trends in terms 
of defense versus nondefense research and development, indicating 
that in the year 1980 and 1982, if you hold constant 1980 dollars, 
defense research and development increased by 22,2 percent over 
the same period nonresearch and development declined by 16.1 per- 
cent 

^[The material mentioned follows:] . 
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TAfiLE FROM CHEMICAI^ & ENGINEERING NEWS MAGAZINE 
SUBMITTED BY MR. WOLPE . 



Funding for, defense R&D climbs sharply; other funds decline , . 
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My question is What are the implications for your institutions of 
this growing concentration of R. & D. dollars within the Defense 
Departmenf^ Are there any specific changes that you foresee and 
any specific concerns that you have as a consequence of that alter- 
ation? 5 • 

Dr Hackerman/ Let me s^y that that highlights a problem I 
brought up earlierx'The R. & D. budget for the Defense Department 
did go up. The 6.1 research portion of the budget also increased 
some but not as much as R. & D/did.., 

In fact, som^ of the 6.1 money I think is used in weapons system 
developtnent which need not be research. 

Now, to answer the questipn directly, to the extent that that 
nroney is available for supportive science, it actually does not 
matter to science ^ow it comes out. I am not making a moral judg- 
ment here, Just a pVagmatic one. 

But to the extent that money was diverted into the Defense De- 
partment for research and development and is not used as much 
for research as it might have Ijeen out of some other agency, it will 
have an effect^^y . ' ^ . 

* Dr. SMiTHr-f^ihk this is one point. that I can certainly concur,^- 
with Dr Hackerman on. It is at this point that I feel that the^e is a 
need to separate research and'develbpment. 

If you look at the^average small university that is' involved re- 
search you will find' that very little of it is going to be R. & D. It is 
usually.going to be just research. 

FOp- example, in our instance, if you were to look at the space age , 
in terms of th^ future recognizance and combat readiness* of this 
Nation, ther^ might -be some applications of the research that we 
would do in circadian rhythms that impact manpower as it relates 
to defense But it is going to take the industrial giants to develop 
th^ hardware that would deliver the men wljo will have been re- 
searched upon, if you will, in terms of the impact. ' 

So I suspect that the definite delineation betweoft research and, 
development in this instance is going tcrbe very critical^ ^ 

Mr, WoLPE. RTr. Chairman, may It without objection, ask 'that 
this table be inserted into the record? , . - 

Mr. Fuppo. If certainly will be. Thank you very much. 
, The distinguished gentleman from New Jersey, Mr. Hollenbeck, 

Mh HoLLBNBECK. Thank you, Mr. Chaif man. 

Doctor, I missed your testimony. I am sorry. I was down the hall 
for a while. There is a hearing down there that could use some 
voices of reason. 

I did look at your testimony, though, and turning to equipment 
you were saying that injterms of modern scientific eqOipment for^«^ 
research. State funds at oi^r university allow us to replace only . i 
about 1 percent of our equipment each'year. 

Going on through your discussion you mentioit.that industry has " 
complained to you that we, many times, mustretrajn some of our ' ' 
best students in the use of modern equipmer^ I. an\ \i^ondering if 
you are able to comniient on the similarity, of ysiur circumstances at 
Rutgj&rs or dissimilarity at Rutgers and the otfe?«Jand-gpant col- 
leges and 'universfties across the, country? 

• Dr. Blqustein. Well, I tliink, Mr. JHollenbeck, 'that, unfortunate- 
ly, our State has been less generous in itsi support of basic scientific 
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equipment than muoy other t^tates in the Nation but it is ^ matter . 
of degree. . ^ ' ' , 

I think all of, my colleges in- the Nation will agree ^hat our equip- 
ment budget^ currently, ^re^ bordering on the totally madequate • 
The very cost of equipment 'in a variety of fields of the hard sci- 
ences is beyond our capacity or any single State's^ capacity. 

I also think it is ^ false economy on the part of the Government 
which is attempting to stimulate economic development while not 
supporting sufficiently the needs 'for modern instrumentation m 
the very laboratories that will make that industrial development 
•possible. ' . „ ^ 

Mr. HoLLENBECK. Followiflg on that, and if anyone else wants to 
comment,.just throwing this out and I really don't know whether it 
is feasible or practical beyond even the logistics of it. 

Are any equipment systems, modern systems that you may need 
available to you or could they be available to you at the national^ 
laboratories such as Brookhaven, for example? 

Dr. BLOUSTEm. We currently have many of our scientists work- 
mint Brookhaver). By the' way, many of our scientists are working 
in private labs. A'.number of our faculty have joint appointments at 
Bell Labs. ^ ^ ' . . , 

We hijve visited the wonderful facilities of Bell Labs and we are 
exploring a lot oftotHer ways-that universities and coi^porations can 

cooperate. , « • * . . • t ' o 

Mr. HoLLENBECK. We have umque situations in New Jersey 

Dr, Bloustein. Yes, we do. By the way, there are sonte corpora- 
tions, who because they cannot use a piec^ of equipment consistent- 
ly, will buy the equipment and make a gift of it to the university, 
.recognizing the university hets a more consistent long-term^ use of 
<hat piece of equipment. They, in turn, make use of the graduates 
who ^ave workeid on that equipment. 

Mr. HoLLENBECK. Thank y.ou. 
^ Dr. Magrath. M4*. 'Chairman^ may I make, one comment and 
then 1 would appreciate it if I could be excused. I have to catch a 
plane baok to the frozen, tundra and meet with some legislators 
this evening. % - ^ * . * , . ^, 

On the equipment question, Ed Bloustein answered in a way tjiat 
Krabsolutely correctly. There is. a point on my mind. About 2 weeks. 
&go I toured some of the developmebt facilities^of Honeywell, which 
is a major hi^ technology firm headquartered in Minnesota; they 
have been very supportive to universities; 

They have given us some money tor basic research in a certain 
general area involving n^Lcrbelectrcinic activity. 

1 spent some time with a gentleuian, Who is the vice president for 
their Sohd State Dev^pmerinTivisf^n. He>as given us a consider- 
able ar^iount of equipment. We get a lot cif hand-me-down or sec- 
oi\dhand equipment now from the high technology industry. 

It is useful bur it is the-equipment that they are no longer using 
because, it* is not at the front lifie of what is happening. And this 
gentleman made the point to me.^hat Ifl to 15 years ago out col- 
leges and universities were training people who were Using eqyip- 
ment that they were just beginning to get. JnIow it is totally differ- . 
ent. . , , 
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Now, when tht*y get them the people may know how to think 
' and they may be well trained but they have to be trained to that 
^.equipment because our equipment, and I am generalizing, but. 
much of our equipment is no longer at the forefront of what is hap- 
pening. • » 

I think that speaks a little bit to the question you raised. 

Mr HoLLENBECK, J.think that tie's in with the point you made 
before with regard to that. . < 

Dr Hackerman.. I would like to put something more moderate 
' into the record, if you don't mind. 

The fact of the matter is that one can always use better equip- 
ment as if rolls off the design line but university laboratories have 
equipment which is not as good lookirig bdt it is just as useful as 
the equipment that you see in the major industrial laboratories 
where it is reproduced over and over and over again. 

In fact, in the laboratory, one expects the ingenuity of the indi*- 
vidual research worker to take the equipment and make it do* 
things that it was not intended to do. And they do it so that it be- 
comes the good equipment of the next year. They can't buy^it. 

I agree with that. There is no questio^i.about that. We don't have 
the money to buy it and w^ do g^et hand-me-downs. But the fact is 
that the new equipment ideas comes out of the university laborato- 
ries. That is an overstatement, of course. ^ , . 

Hewlett Packard would complain abou£ that but the ideas do 
come out of there. And while I would like the most -up-to-date 
equipment in my re^arch laboratory too, I don't find dd)ilitating 
the current consortium maybe answering. 

Even the fact that we may be using an NMR that is second order 
equiment does not impair a grjaduate student in getting^used to a 
new one. One of our big difficulties is that we tend to train people 
rather that educate them. So I would just as soon that^they not be 
trained simply to step right into a job. 

There is, however, a jiroblem in the teaching laboratories. We do 
hav^ considerable dpliculty maintaining what would be called rea- 
sonably modern equipment in the teaching laboratories. / 

But the bi^ problem with equipment in teaching laboratories is 
maintenance There universities are really having trouble because 
it is bard to keep the kind of maintenance people you should have 
to keep the equipment functioning. , 

So^ one place where we ought to do something about equipment" 
replacement is in the teaching laboratories or better find a way to 
provide maintenance support. 

Mr Flippo Dr Smith, did you want to conclude the remarks on 
that? " ^ ^ . ' ' 

Dr, Smith. Yes, one relates to the concept of not having up-to- 
date equipment in the laboratory. Oftentimes when representatives 
from large* fndustry, particularly the high technology industries, 
Visit the campuses, they will make comments about the antiquated 
equipment that' is presently in our' research laboratories. And the 
recommendations come two ways: Get new equipment if it is at all 
possible. or provide release time for faculties to go out tp the indus- 
tries to become familiar with what has been developed ovtt there. 

erIc * ' Mo 
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^ Either of the pruc't\s&es>'iequire additional funds that* are not nor- 
mally made availabit^ tu the institution through normal State ap- 
propriations, , ' J. 

So that means also, then, that the need for resources at the ted- 
eral level particularl} in those areas where it is a national priority 
tu allow release time for faculty as well as graduated research stu- 
dents to go cut into the industry and fepend a substantial amount of 
time to bcjcome familiar wjth the state of the art. 

Mr. Fuppo. Thank you very much. 

1 jlist want to express my personal appreciation to ^he chairman 
uf the full co^nmittee for th^. leadership that he has demonstrated 
ih holding these hearings. I think the^ will contribute greatly to 
the debate, and I recognize the distinguished gentleman from Flor- 

Mr. FuQUA. Thank you, .Chairman Flippo, and I apologize for 
having been in and out today and I think I explained to you my 
reasons. 

I want to thank all 0/ you and say hello once again to my good 
friend Dr.Hackerman who I have worked with for m^i^^ears as 
the distinguished Chairman of the National Science i3oard and 
Walter Smith, who I think is doing an outst»ding job at the Flor- 
ida A. & M. University. ; ■ , ^ , . . 

Dr. Bloustein, I appreciate all of you being here and I think this 
has been very helpful for all of us. 

As was pointed out yesterday, our problems in scieBce and tech- 
nology did r^t all start with this administration. There has been a 
trend that has been going on for some time afid I think it is getting 
tQ be a critical problem now that we -arfe faced with further budget 
stress, particularly i|i manpower and instrumentation which all of 
you have addressed and are very, very familiar with. 
- I thank you for your help. 

Dr. Smith. Thank you. 

Dr. Hackerman. Thank you. ■ 

[Whereupon, at 12,10 p.m., the committee was adjourned.] 
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